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FOREWORD 


This  report  was  prepared  by  the  Radio  Corporation  of  America 
of  Camden,  New  Jersey,  for  the  Rome  Air  Development  Center, 
Reliability  Branch,  Engineering  Division,  Air  Force  Systems 
Command,  United  States  Air  Force,  Griffiss  Air  Force  Base, 

Rome,  New  York.  Mr.  Russell  E.  Purvis  was  the  project  engineer 
and  principal  investigator  and  Mr.  Harvey  R,.  Barton  the  project 
manager.  Other  RCA  project  personnel  were  R.  L.  McLaughlin, 

J.  T.  Glass,  and  I.  H.  Young.  Mr.  Julius  Widrewitz  was  U.S.a.F. 
project,  monitor.  Other  U.S.A.F.  project  personnel  were 
E.  Simshauser  and  J.  Klion.  This  study  was  made  under  Contract 
No.  AF30( 602) -3850,  and  was  conducted  during  the  period  July  1, 
1965  -  June  31,  1966 »  Project  Nr.  is  5519,  Task  Hr  551901. 

It  should  be  recognized  that  the  definition  of  "Value"  used 
herein  differs  from  that  currently  accepted  in  the  industrial 
Value  Engineering  fraternity.  "Value",  as  used  here,  describes 
the  imputed  worth,  as  of  a  system  for  accomplishing  its  objec¬ 
tive,  where  the  basis  of  worth  is  the  worth  of  the  objective. 

The  reason  for  the  departure  from  the  definition  in  current 
use  in  the  Value  Engineering  field  is  twofold.  First,  it  is 
desired  to  encourage  Value  Engineering  effort:  on  the  part  of 
those  individuals  not  presently  so  employed.  Second,  and  more 
impor-rant,  the  value  function  was  required  to  be  useful  in  op¬ 
timization  operations.  As  described  in  the  report,  the  dimen¬ 
sional  compatibility  required  for  optimization  favors  the 
separation  of  performance  and  cost  factors.  The  proposed  value 
function  permits  optimization  of  performance  with  maximum  cost 
constrained  for  optimization  of  cost  factors  with  constrained 
minimum  acceptable  performance.  The  second  type  of  optimization 
is  the  more  frequent  requirement  of  value  engineering.  In 
addition,  the  proposed  definition  permits  comparison  of  systems 
designed  for  different  functions,  which  is  essential  for  evalua¬ 
ting  systems  of  overlapping  capabilities,  or  alternate  mixes  of 
systems  for  accomplishing  a  complex  function. 

Frequently,  it  is  inconvenient  (or  undesirable  from  the  stand¬ 
point  of  national  security)  to  use  objective  worth  as  an  opera¬ 
ting  numeric.  In  comparison  of  alternatives  with  the  same 
function,  this  is  unimportant,  since  objective  worth  is  invari¬ 
ant,  and  only  the  performance  aspect  of  "value"  differs  between 
the  alternatives.  Fortunately,  though,  where  it  is  required  to 
determine  "Value"  for  systems  having  different  functions,  the 
cost  paid  for  an  acquired  system  to  accomplish  the  function  can 
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be  utilized  as  a  lower  bound  on  its  "Value 


II 


If  it  is  desired,  mental  conversion  can  be  made  from  the  defi¬ 
nitions  of  this  ret*  rt  to  those  currently  used  by  the  Value 
Engineer,  by  cons  ’  "Value"  defined  herein,*  as  worth,  and 

"Value"  divided  by  cost,  as  value. 

This  document  is  not  releasable  to  CFSTI  because  it  contains  information 
embargoed  from  release  to  Sino-Scrriet  Bloc  Countries  by  AFR  400-10, 
"Strategic  Trade  Control  Program." 

Publication  of  this  report  does  not  constitute.  Air  Force  approval  of  the 
report's  findings  or  conclusions.  It  is  published  only  for  the  exchange 
or  stimulation  of  ideas. 


Approved: 


Value  Engineering 
Reliability  Branch 


FOR  THE  COMMANDER: 


IJRVING  |J.  CftBELMAN 
t-hief,  Ai*Pnc-d  Studips  Group 
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ABSTRACT 


This  report  presents  a  value  analysis  methodology  designed 
to  widen  the  scope  and  improve  the  effectiveness  of  existing 
conventional  techniques  of  value  analysis,  by  reorienting  the 
emphasi?  towards  the  conceptual  phase  of  development.  At 
present,  the  methods  and  techniques  of  value  engineering,  as 
generally  recognized  and  contractually  practiced,  consist  of 
re-evaluation  of  functions  and  incentive  reward  for  any 
pertinent  reduction  in  cost  of  acquisition.  Basically,  the 
report  describes  a  development  of  the  concept  of  value  and  its 
quantification,  along  with  prescribed  methodology  for  systematic 
analysis,  permitting  value  optimization  with  respect  to  total 
expected  resource  coat. 
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EVALUATION 


“CKECSRIA,  70B  VALUE  BfSIHm09S" 


The  major  objectives  of  study  contract  AJ30 (602) -3^50  vere  to  investigate  the 
theoretical  feasibility  and  practical  advantages  of  developing  an  engineering 
(synthesizing)  procedure  for  achieving  high  levels  of  vs'  exercising 
positive  control,  promoting  value  assurance,  and  accomplishing  cost  avoidance 
during  the  definition,  design  and  development,  and  operational,  stages  of  a 
product's  life  cycle. 

A  value  engineering  methodology  was  developed  compatible  with  configuration  and 
performance  engineering  relating  value,  function,  performance,  and  total  resource 
costs.  The  value  engineering  procedure  employe  a  mathematical  modeling  technique 
in  the  form  of  a  cost  difference  equation,  which  permits  the  evaluation  of 
design-support  alternatives  and  identification  and  selection  of  the  least-cost 
alternative  from  among  those  originally  considered.  The  mathematical  model 
operates  on  quantitative,  reliability,  maintainability,  operational  readiness, 
and,  acquisition  and  support  cost  factor  inputs,  -fence,  by  selection  of  the 
least-cost  alternative,  a  margin  of  assurance  is  provided  that  performance 
parameter  requirements,  as  well  as  function  end  total  coet,  have  been  evaluated. 

A  field  test  and  statistical  validation  of  the  technique  were  contemplated. 
However,  these  were  not  possible  for  two  reasons.  A  least-cost  alternative 
is  selected  on  a  comparative  basis  and  only  with  respect  to  those  alternatives 
originally  considered.  Consequently,  in  the  program  definition  and  early  design 
stages  of  developmeut  where  no  historical/thecretical  value  standards  exist,  it 
cannot  he  positively  stated  or  demonstrated  that  the  alternative  chosen  repre¬ 
sents  an  optimised  state.  Secondly,  the  "factual  cosit"  information  necessary 
to  facilitate  a  real-cost  versus  a  project-cost  comparison  was  not  available  in 
the  detail  required.  Consequently,  the  comparison  of  two  sets  of  projected- 
cost  figures  would  prove  little.  To  provide  some  measure  of  confidence  in  the 
accuracy  of  mathematical  modeling  results,  a  procedure  for  detecting  and 
adjusting 'error  in  least-cost  alternative  selection  was  furnished. 

The  results  of  this  study  should  not  be  construed  m  being  conclusive,  nor  the 
techniques  developed  understood  to  be  the  panacea.  This  research  effort 
represents  the  formulation  of  just  one  approach  and  one  step  toward  satisfying 
a  growing  need  for  a  value  concept  and  procedure  compatible  with  other  system 
engineering  practices. 
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As  future  work,  it  would  be  desirable  to  p&rtom  an  additional  nta&a?  of  rofiel 
applications  to  actual  case  studies  to  establish  technique  integrity  and  inves¬ 
tigate  the  advantages  of  eoaputerising  the  iterative  procedures  to  ulsrolify  the 
mechanics  of  application  and  ainiaise  calculation  error. 


ERREST  P.  SXMSHAUSER 
Value  Engineering 
Reliability  Branch 


CRITERIA  FOR  VALUE  ENGINEERING 


I.  INTRODUCTION 
1 . 1  General 

Value  engineering  had  its  birth  in  the  commercial  world,  where 
it  has  continued  to  be  aggressively  and  beneficially  applied. 

Value  engineering  has  also  come  a  long  way  in  military  applica¬ 
tions,  where  it  transcends  the  existing  commercial  application 
domain.  The  emphasis  in  military  applications,  although  first 
assuming  the  perspective  of  commercial  application,  has  consis¬ 
tently  continued  to  be  pushed  to  the  detail  design  and  system 
design  phases  of  system  development.  This  report  attempts  to 
conceptualize  value  engineering  analysis  as  a  systematic  quanti¬ 
tative  technique  embodying  a  formal  mathematical  structure  which 
permits  optimization  of  value. 

The  dependent  variable  in  the  technique  structure  is  total  ex¬ 
pected  coat  of  acquisition,  operation,  and  support,  as  measured 
in  recurring  and  non-recurring  coat  over  the  lifetime  of  an  item 
or  system. 

The  time  phasing  of  the  application  is  from  pre-award  phaees 
of  system  development  to  design  freeze. 

In  this  report,,  value  engineering  is  viewed  as  a  field  of  en¬ 
gineering  directed  to  development  of  systems  having  appropri¬ 
ate  or  specified  values  in  the  accomplishment  of  their  missions, 
at  least  cost;  value  analysis  is  considered  to  be  the  syste¬ 
matic  application  of  analytical  techniques  used  to  assess  the 
value  and  cost  of  a  system  or  portion  of  a  system. 

There  is  no  cttempt  in  this  report  to  travel  the  already  well- 
trodden  paths  in  value  engineering,  nor  i»  there  a  deliberate 
attampt  to  enhance  the  engineer  s  thinking  or  idea  generation 
abilities,  except  perhaps  by  providing  an  analytical  foundation 
and  framework  for  a  standardized  approach  to  the  projection  of 
cost  ramifications  of  particular  decisions. 

Within  the  limitation  of  this  program,  idea  generation  should  be 
assured  through  capitalizing  on  competitive  aspects  of  defense 
spending,  thus  letting  necessity  mother  invention. 

One  of  the  major  problems  remaining  in  systems  and  equipment  devel 
opment  is  lack  of  knowledge  on  the  designer's  part  of  how  to 


project  hia  design  into  its  operation  and  support  environment. 

This  inability  is  believed  to  derive  from  two  sources:  first, 
lack  of  basic  knowledge  about  the  support  system,  and  second, 
lack  of  definition  of  the  intended  operation  of  the  system  or 
equipment . 

The  required  cost  analysis  associated  with  the  contractor  must 
be,  within  his  responsibility,  consistent  with  contractual  re¬ 
lationships;  whatever  tradeoffs  are  performed,  and  generally, 
many  are  required,  are  best  left  to  contractor  expertise.  A  pro¬ 
cedure  for  cost  accounting  and  control,  directing  tradeoffs,  and 
providing  competitive  incentive  is  developed  as  an  integral  part 
of  the  value  analysis  methodology.  This  technique,  for  contrac¬ 
tors  not  already  employing  something  similar,  should  significantly 
enhance  a  contractor's  capability  for  cost  competitiveness  and 
delivery  of  a  technically  suitable  product. 

A  note  of  precaution  is  appropriate?  it  is  impossible  to  pre¬ 
dict  with  certainty  the  behavior  of  an  equipment,  in  a  future 
environment  that  is  not  completely  defined,  particularly  if  the 
equipment  exists  only  on  the  drawing  board.  Nevertheless,  an 
attempt  must  be  made  to  maximize  the  probability  of  selecting  the 
best  design-support  candidate  from  several  alternatives  that 
satisfy  the  user's  operational  requirements. 

The  advantages  of  the  proposed  technique  are  that  it  is  re¬ 
latively  simple  co  apply,  it  ensures  that  all  significant  costs 
are  considered,  it  imposes  a  standardized  discipline,  and  since 
it  compares  all  alternatives  on  toe  same  logistic  basis,  the 
predicted  least  cost  solution  has  the  highest  probability  of 
becoming  the  actual  least  cost  solution. 

The  basic  principle  of  v^iue  analysis  expressed  in  this  report  is: 

Value  decisions  at  all  levels  of  hardware  development 
are  made  with  reference  to  the  total  cost  and  value  im¬ 
plications  of  the  end  product,  including  operation  and 
support. 

The  value  analysis  technique  is  predicated  upon  the  end  product 
in  its  intended  environment  over  its  expected  lifetime.  This 
is  the  essential  starting  point  of  this  presentation. 

1.2  Background 

1,2.1  Present  Status  -  The  evaluation  of  function  is  the  present 
state-of-the-art  of  value  engineering  theory.  The  basic  tool 
may  be  summarized  as  a  series  of  questions  directed  to  function 
evaluation: 
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a.  What  is  the  product? 

b.  What  is  the  designed  function  of  the  product? 

c.  How  well  does  the  product  perform  the  function? 

d.  Are  there  acceptable  alternatives  for  the  design  of 
the  product  for  cost  reduction  and  comparable  quality? 

This  value  engineering  approach  represents  a  qualitative,  rather 
than  a  quantitative  process. 

This  tool,  applied  to  military  value  analysis,  takes  the  follow¬ 
ing  additional  forms: 

a.  Question  constraints  of  contract.  Does  the  contract 
cover  or  exceed  the  requirement  of  the  function  of 
the  product?  rhere  are  two  types  of  requirements 
generally  invoked  in  contracts,  system  operational 
requirements  and  military  specification  standards. 

System  operational  requirements  constitute  the  big 
picture,  and  are  generally  peculiar  to  the  system. 

These  requirements  are  mission  environment  oriented. 
Military  specification  standards  are  detail  part  per¬ 
formance  requirements. 

b.  Question  the  mission  of  the  product.  Will  the  product 
properly  perform  the  mission  called  for  in  the  contract 
and  specifications? 

c.  Question  constraints  of  the  "abilities,"  e.g.,  reliabil¬ 
ity.  Are  the  constraints  of  the  other  "abilities" 
compatible  with  the  requirements  of  value  for  cost  re¬ 
duction? 

d.  Question  alternatives  to  the  design,  What  alternative 
designs  are  possible  to  perform  the  required  function 
of  the  product  within  the  parameters  of  specifications, 
cost,  and  value? 

e.  Question  the  parameters  of  the  function  of  the  product. 
Will  the  product  perform  the  required  function  with 
the  present  design? 

The  existing  value  methodology  is  recognized  primarily  as  an 
after-the-fact  cost  reduction  mechanism.  In  reality,  considerable 
"»lue  analysis  effort  is  performed  in  the  proposal,  definition, 
and  design  phases  of  system  development;  but  it  is  given  scant 
recognition  as  such,  due  simply  to  the  mensuration  problems  asso¬ 
ciated  wivh  cost  savings. 
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There  is  in  value  litaratura  a  wealth  of  ideas  on  generation  of 
alternative  devices,  both  of  a  general  nature  and  as  categorised 
by  problem  type,  e.g.,  to  buy  or  make  (See  Appendix  I  for  useful 
notes  on  selective  application  of  value  analysis). 

1.2.2  Present  Problems  -  The  existing  problems  of  the  value  en¬ 
gineer  ing^discipTIne  are  as  follows: 

a.  Need  for  a  quantitative  criterion  for  value,  pointing  up 
the  difference  between  value  and  cost. 

b.  Need  to  orient  value  analysis  to  total  expected  re¬ 
source  cost. 

c.  Need  for  a  feasible  systematic  procedure  for  evaluation 
of  feasible  alternatives. 

d.  Need  to  reorient  value  analysis  to  the  objective  of 
elimination  of  excessive  cost,  rather  than  reduction 
in  cost,  or  do  it  right  the  first  time;  e.g.,  how  much 
can  be  saved  by  decreasing  the  value  of  the  system 
(decreasing  performance  goals,  vis.,  reliability)? 

e.  Need  to  project  alternatives  into  total  cost  picture 
early  in  the  conceptual  phases  of  system  development, 
thus  providing  a  means  of  making  the  systems,  circuit, 
and  packaging  engineers  aware  of  total  cost  implications. 

1 • 3  Value  Engineering  Technique  Requirements 

1,3.1  General  -  A  general  value  engineering  methodology  must 
meet  certain  specific  requirements,  such  as: 

a.  The  desired  method  should  be  useful  for  objectively 
quantifying  value,  as  follows: 

(1)  As  a  tool  for  design  decision  through  mil  project, 
phases. 

(2)  In  the  development  of  proposals. 

(3)  In  the  evaluation  of  proposals. 

(4)  For  monitoring  the  value  level  of  systema/equipment 
undergoing  development. 

b.  The  method  should  have  application  to  most  military 
systems,  equipments,  missions,  and  situations. 
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c.  The.  method  must  be  technically  valid  and  u@&£ul  in 

practice  for  these  reasons* 

(1)  It  must  provide  realistic  guidance  for  trade¬ 
offs  between  functional  levels  of  performance 
and  the  cost®  of  ownership  and  operation, 

(2)  It  should  take  into  account  the  akil*  level  of 
the  average  user  (both  contractor  and  custo¬ 
mer  } ,  and  the  conditions  under  v/hich  it  will 
be  used, 

(3)  The  data  required  Mid  the  actions  to  be  taken 
to  reach  meaningful  decisions  must  be  sequen¬ 
ced  and  timed  to  match  normal  program  phasing, 

(4)  The  method  should  be  capable  of  adjustment  to 
maintain  its  validity  in  the  face  of  advances 

in  design,  systems  support  policies,  and  mission 
requirements,  as  well  as  advances  in  analyti¬ 
cal  tools  and  the  quality  of  available  data, 

(5)  The  degree  of  refinement  of  a  model  or  techni¬ 
que  should  be  compatible  with  the  basic  accuracy 
and  variability  of  the  data  needed  for  its 

use,  and  the  sensitivity  of  the  output  to  vari¬ 
ations  in  in -put... 

(6}  The  time  and  cost  required  to  carry  out  the 

procedu  re  at.  any  phase  of  the  development  cycle 
should  bte  compatible  with  design  schedules  and 
budgets.  The  ccst  of  carrying  out  the  proce¬ 
dure  must  not  be  disproportionate  to  the  gains 
expected  from  its  use. 

In  order  to  assure  meeting  the  needs  outlined  in  1,2,2,.  and 
requirements  (a) , (b) ,  and  (c)  of  this  section,  it  ia  essential 
that  the  technique  be  structured  upon  ,4  definition  for  value 
which  can  withstand  a  logical  analysis.  Accordingly,  the 
characteristics  of  value  are  first  examined,  which  are  necessary 
to  meet  requirements  oTT" a  useful  Value  Engineering  technique. 

In  the  pact,  a  number  of  factors  have  militated  against  meet¬ 
ing  these  requirements,  and  care  has  been  exercised  in  develop¬ 
ing  the  approach  so  that  the  same  pitfalls  can  be  avoided. 

One  danger  is  the  failure  to  recognize  that  value  has  an  exist¬ 
ence  independent  of  cost.  The  value  of  a  eye tern  measures  its 
quality  of  usefulness,  not  the  cost  of  ownership*  For  instanc 
a  technological  breakthrough  can  drastically  reduce  the  cost  o 
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equipment  without  affecting  tha  value  of  tha  equipment  at  all  j  or 
squipsoent  reliability  can  be  significantly  lap  roved  without  a 
coat  increase!  hut  with  an  evident  increase  in  value  through  in¬ 
creased  probability  of  achieving  ihe  mission*  A  system  may  be 
developed  tdiich  can  replace  two  existing  i/s  terns,  and  with  equal 
satisfaction.  Its  value  is  equal  to  that  cf  the  two  existing 
syst^su*.  regardless  of  whether  it  costs  More  or  less  than  the 
two.  ~ 

A  second  problem  is  the  not  uncommon  belief  that  all  value  para¬ 
meters  can  be  optimized  at  once.  In  most  real  cases  (given  a 
sound  design  to  start  with) ,  it  is  not  feasible  to  tap rove  one 
function,  indiscriminately,  without  affecting  others. 

A  third  pitfall  is  a  widely  held  tendency  to  look  for  absolute 
invariant  value  independent  of  the  particular  application  and 
the  particular  user.  The  value  of  a  glass  of  water  is  quite 
different  to  a  man  on  the  desert  and  to  a  man  drowning  in  a  lake. 
Obviously,  an  elemsnt  of  value  is  desire  or  need* 

A  fourth  hazard  stems  from  overlooking  the  relationship  between 
tho  value  of  a  system  and  the  worth  of  its  mission  or  objective. 
For  instance,  a  battleship  cut  up  for  scrap  has  far  lesa  value 
than  Whan  it  proudly  joined  the  fleet,  yet  many  mere  dollars  have 
gone  into  the  operational  and  scrapping  costs.  Certainly,  scrap 
is  a  less  worthy  objective  than  the  ship' s  design  mission.  It 
is  also  true  that  a  perfect  mousetrap  does  not  have  the  value  of 
a  fine  bora* ,  as  evidenced  by  the  fact  that  the  customer  will  n<rt 
pay  so  much  f6r  tha  mousetrap, 
j 

It  is  desirable  not  only  to  develop  criteria  for  measuring  value, 
but  also  to  develop  criteria  for  selection  of  areas  of  high 
yield.  This  will  involve  element*  of  timeliness  and  feasibility, 
as  well  as  such  elements  of  yirld  as  annual  or  contract  coat  of 
producing,  the  cost  of  operation  and  maintenance,  coaple^ity, 
ration  of  special  parts  to  standard  parts,  state-of-the-art,  de¬ 
sign  maturity,  and  remain  irg  useful  life. 
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2.  VALUE  CONCEPTS 


2.1  general  The  basic  technique  of  value  engineering/analy- 
sie  proponed  in  this  report  hopefully  provides  an  improved 
tool  of  great  potential  teonfit  to  a  vide  range  of  likely  users. 
Governmental  departments,  especially  the  military,  as  well  as 
private  industry.  The  prescribed  methodology  is  designed  to  ac¬ 
hieve  a  specified  objective  at  a  minima*  investment  of  resource 
cost  over  tho  life  cycle  of  the  system,  a  goal  of  acknowledged 
interest  to  the  DOD  and  the  USAFr  that  is,  achievement  of  opaci¬ 
fied  functions  at  minimum  total  expected  resource  costs  o\  :r  the 
life  of  the  system. 

The  following  views  on  the  changing  concept  of  value  engineering 
were  expreseed  by  Mr.  George  E.  Pouch,  Deputy  Asaiatant  Secretary, 
DOD,  in  a  speech  entitled  "A  New  Look  at  Value  Engineering  in  the 
Department  of  Defense"*: 

"To  be  truly  effective,  value  engineering  must  be  an  integral 
part  of  the  mainstream  of  the  total  management  process.  Only 
in  this  way  can  value  engineering  properly  contribute  to  our 
goal  of  achieving  improved  weapon  systems  at  minimum  total  cost 
of  effective  ownership  and  use  for  their  planned  life  '-’vcle. 

Value  engineering  tctualiy  ia ,  as  we  know,  a  purposeful,  orderly 
methodology  for  increasing  the  return  on  investment  on  specific 
targets  of  opportunity  with  no  loss  in  required  performance.  I 
am  using  the  term  return  on  investment  in  its  broadest  context. 

To  the  military,  this  could  mean  many  things.  It  might  mean,,  for 
example,  lower  acquisition  cost,  but  it  might  also  mean  lower 
total  cost  by  decreasing  logistic  and  operational  cost,  although 
increasing  acquisicion  cost.  An  imaginative  value  engineering 
program,  for  example,  has  the  effect  cf  implementing  quality  and 
reliability  objectives  by  simplifying  design  and  focusing  testing 
and  inspection  on  essentials,  or  it  might  mean  more  defense  capa¬ 
bility  for  the  same  amount  of  dollars.  For  make  no  ci stake,  VE 
is  a  tool  capable  of  making  desired  military  capabilities 
economically  feasible,  as  well  as  a  tool  for  cost  reduction.  To 
industry,  by  return  on  investment,  1  mnn  increased  profits  or 
improved  competitive  position.  VE  adds  a  new  financial  dicams ion 
to  the  entrepreneurial  aspect  of  defense  contracting. 

In  this  light,  VE  differs  from  long  established  techniques  and 
methods  in  that  those  have  emphasised  a  single  functional 

•Presented  at  the  Value  Engineering  <ympo*ium,  sponsored  by  the 
Society  of  American  Value  Engineers,  May  24,  1966. 


management  orientation,  whereas  VE  croe»«w  all  functional 
lines  in  the  interest  of  more  efficient  achievement  of  a 
higher  level  management  and  subjective.  This  is  a  broad  di¬ 
stension,  but  one  which  ia  within  the  definitions  and  policy 
for  VE  in  the  Department  of  Defense  today*. 

The  important  differences  between  the  orientation  of  the 
technique  presented  in  this  report  and  conventions1  value 
analysis  lie  in  the  areas  of  application.  The  propoaed  tech¬ 
nique  is  tc  be  applied  in  the  conceptual,  definition,  and 
design  phases,  whereas  conventional  value  engineering  is 
generally  directed  to  minimizing  acquisition  costs,  and 
usually  exercised  under  contractual  incentive  types  of  con¬ 
tract,  This  latter  approach  is  quite  legitimate  because  of 
the  impossibility  of  evaluating  consistently  the  savings 
through  value  engineering  efforts  at  earlier  conceptual  and 
definition  phases,  nor  should  they  be  required  to  be  demon¬ 
strated.  The  position  taken  on  this  point  in  this  report  is 
that  the  aim  is  to  eliminate  alternatives  requiring  unnecessary 
costs  before  these  costs  are  incurred.  Measured  in  this  way, 
a  product  which  undergoes  significant  cost  reduction  in  the 
acquisition  stage  is  poorly  designed,  depending  upon  answers 
to  the  following  questions: 

a.  Did  a  preferable  alternative  exist  at  the  time  the 
initial  design  decision  was  made? 

b.  Does  additional  information  exist  now  which  did  not 
exist  previously? 

c.  Was  the  initial  design  decision  made  usi .  ,j  the  best 
information  available? 

d.  Were  the  alternatives  projected  into  total  Life 
cycle? 

e.  Were  chance  event*  weighed  and/or  explored? 

2 , 2  Value.  Fundamentals 

2.2.1  General  -  Value  has  a  generally  accepted  definition  of 
long  standing  in  terms  cf  lay  usage.  This  section  considers 
definition  of  the  term  as  it  is  used  ami  develops  from  this 

ile  fi  nit  ion  a  general  value  model  possessing  the  logical  struc¬ 
ture  required  for  solution  of  complex  value  engineering  problems. 

2.2.2  Development  -  Value  is  define!  *a  the  imputed  quality 

of  usefulness  for  a  specific  purpose.  lasting  in  this  context 
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describes  derivation  of  a  characteristic  in  terms  of  uteasur- 
able  parameters.  The  definition  differs  from  that  of  "worth" 
only  in  that  "worth"  generally  is  used  to  express  an  intrinsic 
quality,  whereas  "value"  expresses  an  imputed  quality.  These 
definitions  are  explicitly  and  implicitly  compatible  with 
general  usage.  Logically  stated, 

V(f ) =p( f )w( f } ,  (1) 


where 

V(f)  -  the  assigned  value  of  the  function  (f),  measured 
in  imputed  resource  dollars ,  and 

p(f)  =  the  imputed  probability  of  requiring  the  function, 
(desire,  or  need,  diecunsed  in  I.3„l)  and 

w(f)  *  the  worth,  measured  in  ~esouxce  dollars,  of  hav¬ 
ing  accomplished  the  required  function  (f). 

System  value  becomes 

Vf  (S)  »  pf  (S)V(f),  (2) 

where 

ssigned  value  of  the  system  (S)  for  accom- 
ment  of  the  function  (f)  in  imputed  resource 
dollars , 

p  (S)  =the  probability  of  accomplishing  function  (f) 

*  with  system  (S)  effectiveness. 

The  value  of  a  system  for  achieving  a  required  function  is 
dependent  upon  the  value  of  the  function,  and  upon  the  capa¬ 
bility  of  the  system  for  achieving  it.  Value,  considered 
here,  is  independent  of  the  means  by  which  the  system  imple¬ 
ments  the  achievement,  and  of  the  cost  of  system  acquisition 
and  support. 

2.2.3  Margin  of  value  -  The  conventional  profit  margin  related 
to  value  of  a  uystem  is  represented  simply  as 

(S)*V.  (5)-C(S) ,  (3) 

1  A 


V,  (S)  =the 
'  Plisf 
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where 

(S)  *  the  margin  of  value,  or  the  return  in  re¬ 
source  dollars  in  excess  of  the  investment, 
and 

C (S)  «  the  r^scfarce  dollars  invested  to  achieve  the 

expec  :e<ji  return  [Vf  (S)j'. 

2.2.4  Military  Value  Model  -  Modern  military  systems  can  be 
generally  predicated  upon  a  single  type  of  ntathematical  model. 
To  illustrate  its  application,  consider  the  following  devel¬ 
opment  of  this  value  concept,  applied  to  a  defensive  system. 

An  offensive  system  is  evaluated  by  means  of  the  same  model, 
with  appropriate  modification  to  the  objective  value  parameter. 

An  offender  will  launch  an  ICBM  against  a  specific  location, 
with  imputed  probability  (g) .  Detonation  of:  the  warhead  on 
target  will  cause  damage  with  worth  [W(L)].  The  probability 
of  succes  of  the  mission  is  (r)» 

A  defending  system  is  planned  with  probability  of  success 
(effectiveness)  (v) .  Success  is  defined  as  the  reduction  of 
damage  to  W(L').  The  defense  system  is  considered  a  deterrent 
to  ICBM  launch,  reducing  its  probability  from  (q)  to  [p(f)<q]. 

The  value  of  the  system  is  the  expected  gain  from  its  acquisi¬ 
tion 


V(S)=«qrW(I,)-r  vl-v)p(f)W(L)-rvp(f)W(L' )  (4) 

«rW(L) [q-p(f)  (1-v) l-rvp(f)W(L') . 

In  words,  the  value  of  the  system  equals  the  damage  eliminated 
if  it  works  (which  is  equal  to  the  damage  accruing  ,  if  we  do 
not  acquire  it) ,  less  the  damage  accruing  if  our  system  does 
not  work,  and  the  residual  damage  if  it  does  work. 

If  we  ignore  the  deterrent  capability  cf  our  system, 

V(S)«rvp(f)[W(L)-W(L') ],  (5) 

that  is,  the  system's  valw  is  the  product  of 

a.  The  probability  of  requiring  its  function  [p(f)j, 


b.  The  probability  of  accomplishing  the  function  with 
the  system  (v) ,  and 


c.  The  assigned  value  of  the  function,  as  measured  by 
damage  eliminated,  [p ( r)  [W(L)  -W(L' )  j  ] . 

The  task  of  the  value  engineer  is  to  assure  achievement  of  re¬ 
quired  system  value  at  least  cost. 

The  problem  may  be  stated* 

Minixnuze  total  cost,  subject  to 

Vf  (S)>P0.(8)V(£),  (6) 


where 


Vf (S)=  system  value, 

P0(3)=  minimum  allowable  probability  of  accomplishing 
function  (f) ,  or  minimum  effectiveness  level, 
and 

V(f )  »  assignad  value  of  function  (f) . 

The  environment  of  the  value  engineer  includes  an  objective 
function  vhich  is  specified.  His  control  of  this  function  is 
to  ensure  at  least  the  minimum  value  of  the  effectiveness  func¬ 
tion,  or  probability  of  accomplishing  the  objective,  [P  (S) ] . 
at  minimum  cost  (See  appendix  II  for  further  discussion3 of 
value  modeling  and  technique  analysis) . 

2.2.5  Definition  of  Objective  -  Let  (E)  designate  a  set  of 
parameters  describing  the  effectiveness  of  the  system  under 
evaluation. 

E-*'«i,e3.«.e#)  (7) 

Let  (Eo)  designate  the  set  of  parameter  values  (ei0),  having  the 
minimum  acceptable  performance  numeric  associated  with  each 
parameter  (greater  than  which  there  is  no  explicit  advantage 
for  the  system) .  This  set  of  parameter  numerics  expresses  the 
relative  value  (V)  of  the  system,  in  comparison  with  an  alterna¬ 
tive  having  the  same  objective. 

It  should  be  recognized  that  the  system  represented  by  the  mini¬ 
mum  acceptable  value  for  each  performance  parameter  (el0)  is 
not  necessarily  the  least  costly  system.  Indeed,  it  is  frequently 
possible  to  find  a  less  costly  alternative  shich  pro-ides  better 
performance  in  one  or  more  performance  parameters. 

Figure  1  illustrates  this  relationship,  where  <e,o>  18 
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Mlnisnun  Co  t  Curve 


Lgure  1.  Cost  Changes 


tha  specified  numeric  from  the  system*  Wtudy,  beyond  vfoieh 
further  improvement  does  not  contribute!  significantly  to 
system  effectiveness,  and  (e,  )  is  the  absolute  minimum  cost 
point) ,  * 1 

Most  examples  of  cost  reduction  result  in  increased  performance, 
i.e.,  beyond  requirements.*  For  example .>  a  fringe  benefit  of 
cost  reduction  resulted  in  an  increase  in  reliability  of  30 
percent  of  Class  I  changes  and  48  percent  of  Class  II  changes. 

This  implies  misdirection  from  the  existing  definition  of 
value,  as  well  as  from  value  analysis.  The  difficulty  arises 
from  tha  tacit  assumption  that  achievement  of  a  quantitatively 
specified  objective  at  minimum  cost  results  in  the  absolute 
minimum  cost. 


The  value  engineering  criterion  or  objective  now  becomes 


Objective:  Minimize 

Subject  to 


^Eo 

D<D0, 


(8) 


Where  A=*  cost  of  acquisition, 

S=  cost  of  support, 

D“  delivery  lead  time,  and 
DQ*  maximum  acceptable  delivery  time. 

The  model  may  be  expressed  also  in  the  form 

MinF  (TNs+Aa  'A-AQ+r®  )  (E-E0  -r®  )  (9) 


(D-D0+r= ) , 

E-E„  -r®  *0 

E-E. 

C  1 

0 

D-D0+r’-° 

A-s3+r“=° 

*~V 

'"Fringe  IFferts  o£  Value  Engineering,  DOD",  Value  Engineering 
Committee  of  the  American  Ordnance  Association,  Washington.  D.c. , 
May,  1964. 
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where 


(70  is  a  Lagrange  multiplier,  introduced  to  ensure  the 
prop**:  dimensionality  along  with  nunerical  value,  and  (ri) 
is  a  slack  variable  necessary  to  ensure  that  the  inequalities 
are  satisfied. 
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3.  GENERAL  VALUE  ENGINEERING/ANALYSIS  METHODOLOGY 
3.1  Government  Reponalbilitlea 

In  the  presence  of  a  specified  objective  function,  the  control 
of  system  value  is  exercised  through  controlling  the  system's 
capability  for  accomplishing  its  objective.  In  order  to  ensure 
design  value,  the  system  design  must  be  implemented  in  strict 
compliance  with  its  objective.  Accordingly,  a  problem  defini¬ 
tion  procedure  is  followed,  whose  ultimate  objective  is  to  es¬ 
tablish  value  parameters  and  consequent  design  constraints. 

This  is  the  responsibility  of  the  buying  agency.  The  general 
procedure  follows: 

a.  Develop  mission  requirements 

The  system  objective  is  described  from  such  a  stand¬ 
point  and  in  sufficient  detail  as  to  establish  capa¬ 
bility  requirements  and  a  system  cost  target.  Ar. 
example  follows  Which  establishes  partial  requirements 
for  a  system  design. 


Example : 

(1)  Target? 

(a)  Radar  image  1  square  meter. 

(b)  velocity  1  kilometer  per  second. 

(c)  Altitude  500  meters. 

(d)  Evasive  action  capability  -  2  degrees  per  second®. 

(e)  Nuclear  warhead. 

(2)  Intercept  Requirements: 

(a)  Kill  distance  20  nautical  miles  from  system  base. 

(b)  Probability  of  killing  a  randomly  scheduled  tar¬ 
get,  0.95  at  20  nautical  mile  radius. 

( 3 )  Env  ironHieri  t : 

(a)  Temperatures,  -20  degrees  Fahrenheit  to  +160  degrees 
Fahrenheit  in  direct  sunlight. 

(b)  Intercept  capability  not  seriously  impaired  by 
darkness,  fog,  electronic  jamming  (broadband) 
50WAHz) . 
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b.  Develop  System  Performance  Parameters 

The  system  configuration  is  broadly  defined,  to  the 
degree  necessary  to  describe  accomplishment  of  the 
mission.  This  task  is  normally  accomplished  by  the 
Government,  sometimes  as  a  result  of  contractor 
foasibility  studies. 

Example: 

From  the  previous  mission  description  and  a  comparison  of 
alternative  means  of  accomplishing  it,  the  decision  is 
reached  that  the  syst'Su  will  include  the  following: 

a.  Solid-fuel  missile,. 

b.  Radar  detection,  tracking  of  target,  guidance,  and 
homing  of  missile  interceptor. 

c.  Nuclear  interceptor  warhead. 

From  correlation  of  system  characteristics  with  the  mission 
requirements  and  tradeoffs  of  system  characteristics, 
specifications  are  established  for  system  performance 
parameters  such  as: 

a.  Radar  detection  resolution  and  range. 

b.  Radar  tracking  error. 

c.  Guidance  error. 

d.  Missile  velocity  and  acceleration. 

e.  Missile  maneuvering  capability. 

f.  Missile  warhead  kiil  radius. 

g.  System  reliability. 

h.  System  operational  readiness. 

i.  System  downtime  limitations. 

Figures  2(a)  and  2(b)  indicate  applications  of  design  and 
operational  parameters  to  be  furnished  the  contractor  by  the 
Government  in  the  Request  for  Proposal.  At  this  point  in 
system  requirements  definition,  system  and  subsystem  cost  goals 
are  assigned  for  delivered  end  items.  A  Request  for  Proposal  is 
developed,  incorporating  the  end  item  cost  goals  to  provide  a 
system  which  at  least  meets  the  minimum  set  of  performance  para¬ 
meters,  which  corresponds  to  the  value  of  the  effectiveness 
function. 

In  addition  to  cost  goals  and  minimum  performance  parameters, 
the  Government  assigns  requirements  for  adherence  to  certain 
general  specifications  describing  methods  of  producing. 
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analyzing,  demonstrating,  and  documenting  required  system 
operational  capability.  Tables  1  and  2  show  application  of  some 
such  specifications. 

For  accomplishment  of  necessary  tradeoffs  among  development, 
production,  and  operational  costs,  the  contractor  must  be 
furnished  information  upon  which  to  base  production  run  potential 
and  certain  operational  coat  factors,  as  indicated  in  appendix 
IV, 

A  further  requirement  to  assure  a  minimum  cost  ays  <hb  is  that 
the  Government  furnish  information  relative  to  areas  of  potential 
risk  in  system  development. 

Such  risks  can  be  financial  or  technical  in  nature.  Areas  of 
technical  risk  are  determined  in  observation  of  system  require¬ 
ments  in  comparison  with  technology  state-of-the-art.,  This 
information  and  that  of  potential  cost  risk  is  a  natural  by¬ 
product  of  the  analysis  to  establish  cost  goals. 

The  contract  type  anticipated  as  a  result  of  selection  of  a 
proposed  alternative  has  some  influence  upon  cost  evaluation. 

The  Government  is  responsible  for  considering  contractual 
characteristics  in  the  selection  of  the  winning  alternative. 


3.1.1  CONTRACTUAL  ASPECTS  OF  COST 

Contract  types  currently  in  use  can  be  classified  ir  o  "Fixed 
Price"  and  "Cost  Reimbursement"  categories. 

If  a  "Fixed  Price"  contract  is  to  result,  the  acquisition  coat 
is  fixed  for  the  contractually  defined  system,  Anticipation  of 
a  "Cost  Reimbursement"  contract  limits  the  credibility  of  pro¬ 
posal  acquisition  cost,  because  of  lack  of  positive  control. 

In  consequence  of  this,  cost  evaluation  of  a  system  proposed  for 
this  type  of  contract  requires  analysis  of  system  characteristics 
generating  coat,  and  analysis  of  experienced  relative  cost 
efficiencies  of  the  contractors.  In  support  of  a  cost  type 
proposal,  the  contractor  must  be  required  to  furnish  a  suffi¬ 
ciently  detailed  description  of  system  characteristics  for  the 
Government  to  make  its  own  estimate  of  acquisition  cost.  The 
effect  of  contract  incentive  provisions  can  be  anticipated.  tn 
the  case  of  cost  reduction  incentives,  acquisition  cost  should 
not  incorporate  expectancy  of  cost  reduction,  and  the  cosset  itors 
should  be  ao  advised.  This  encourages  minimum  base  price. 


' 

1 
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TABLE  .1  GENERAL  SPECIFICATIONS 


If  the  proposals  incorporate  technical  incentive  clauses,  such 
as  for  reliability,  maintainability,  etc.,  the  base  system  and 
its  price  should  define  the  system  to  be  evaluated.  Terms  of 
an  incentive  clause  should  be  patterned  after  the  parameter's 
contribution  to  system  value,  as  defined  in  section  2.2.,  that 
is,  a  change  in  the  system's  probability  of  accomplishing  its 
function,  multiplied  by  the  value  of  the  function. 

For  example,  if  a  change  in  Mean -Time -Between-Failures  from 
200  hours  tc  250  hours  increases  the  probability  of  accomplish¬ 
ing  the  function  by  10  percent,  and  the  value  of  the  function  is 
established  at  $10,000.,  this  improvement  is  worth  not  more  than 
10  percent  of  $10,000.,  or  $1,000. 


3 . 2  INDUSTRY  RESPONSIBILITIES 

The  contractor's  responsibility  is  to  analyze  the  requirements 
of  the  work  statement,  and  develop  a  system  configuration  which 
meets  the  minimum  constraints  of  jierformance  parameters,  at 
least  cost.  What  this  amounts  to  is  pairing  feasible  design  and 
support  alternatives  and  selecting  the  least  cost  pair  meeting 
the  performance  requirements.  Figure  3  depicts  the  range  of 
possible  combinations  of  design  alternatives  and  associated  sup¬ 
port  policies  to  be  compared.  To  this  end,  value  and  cost  goals 
are  allocated  within  deliverable  end  items.  The  general  steps 
of  the  analysis  follow; 

PROCEDURE  SOURCES  OF  DESIGN/SUPPORT  ALTERNATIVE 

oTEP  1  a.  Determine  applicable  performance 

Devise  system  to  meet  and  cost  constraints. 

mission  requirements .  b.  A  feasible  alternative  satisfies 

conditions  imposed  in  (a). 

a.  Determine  operational  constraints 
and  performance  requirements  tor 
the  system  and  develop  required 
functions. 

b.  From  Step  2  and  (a)  establish  hard 
ware  which  will  meet  dr  exceed 
operational  and/or  performance  re¬ 
quirements. 

NOTE;  There  may  be  many  alternate  ways  of  packaging  the  system 
functions.  The a-  alternatives  may  extend  from  micro-electronics 


STEP  2 

Transform  syaten. 
functions  into  item 
packages . 
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EQUIPMENT  ENVI 


TABLE  2  -  MILITARY  SPECIFICATION  APPLICABILITY 
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to  conventional  pccts  to  distinctly  different  types  of  sub¬ 
system  composition.  In  general,  however,  there  will  be 
relatively  few  practical  alternatives. 

STEP  3 

Develop  feasible  imp-  a.  Determine  applicable  constraints 

port  structure.  and  requirements  of  support 

structure. 

\  b.  A  feasible  support,  structure 

\  satisfies  conditions  imposed  in 

(a). 

> 

STEP  4 

Assign  Air  Forc»v Skill  a.  Equipment (s)  and  sub-assembly 
Category  (AFSC)  stad  man-  levels  are  assigned  Air  Force 

ning  to  item  packages  by  Skill  Category  (AFSC)  by 

maintenance  location.  potential  location  of  maintenance. 

\  b.  Manning  is  established  for  each 

permissible  equipment/sub-assemkly 
allocation  to  repair  location 
(i.e„,  maintenance  echelon, 
organisation,  field,  depot) . 

% 

NOTE*  The  AFSC  constitutes' a  general  personnel  classification 
that  will  yens  it  latitude  for;  equipment  classification  assignment. 
Generally,  this  will  not  be  s'  problem  source  in  the  generation  of 
alternatives. 

STEP  5 

v 

Select  feasible  design  a.  There  are  assumed  to  be  several 
configuration  for  an  feasible  configurations, 

item  package. 

NOTE*  A  feasible  design  is  a  complete  packaging  definition  of 
the  equipment  package  under  consideration.  Thus,  theoretically 
any  change  in  configuration  definition  w  aid  produce  alternatives. 

STEP  6 

Evaluate  (eliminate)  a.  This  evaluation  is  always  with 

alternative  design  respect  to  the  selected  equip- 

conf igurations,  went  package,  and  at  all  times, 

it  is  the  entire  package  under 
evaluation. 
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NOTE:  Caution  must  be  exercised  to  ensure  that  the  alternatives 
produce  demonstrable  differences.  Many  potential  design  changes 
will  not  provide  real  alternatives  in  that  they  do  not  generate 
cost  differences. 

STEP  7 

Reiterate  Steps  2-6  a.  Caution  must  be  excercised  to 

for  other  feasible  ensure  that  the  equipment  associ- 

altematives.  ated  with  a  previously  evaluated 

equipment  package,  i.e.,  if  all 
equipment  packages  are  added,  the 
sum  constitutes  the  total  hardware 
package  of  the  system. 

Appendix  V  contains  an  iterative  procedure  for  systematically 
evaluating  alternatives  in  the  U.  S.  Air  Force  support  environ¬ 
ment.  Successively  evaluate  design/support  configuration 
alternatives.  All  design/support  alternatives  must  meet  or 
exceed  the  minimum  acceptable  performance  requirements.  Cost 
differences  between  alternatives  will  appear  as  acquisition  and/ 
or  operation-support  cost.  The  areas  where  these  potential 
differences  would  appear  are  listed  in  cost  monitoring  tabular 
forme  These  tables,  referred  to  below,  contain  elements  and 
serve  two  purposes.  They  provide  a  check  list  for  indicating 
possible  hidden  and  redundant  cost  sources,  and  also  serve  as 
work  sheets  for  analysis. 

The  general  mechanics  ofvalue/cost  goal  analysis  involves  four 
steps : 

a.  Use  table  4  for  identifying  acquisition  and  support 
coat  elements,  as  a  check  list  for  identitying 
differences  between  cost  alternatives. 

b.  Use  equations  of  the  cost  estimating  technique  in 
section  4  to  establish  the  difference  in  cost  magni¬ 
tude  between  alternatives. 

c.  Use  figure  5  of  cost  decision  elements  for  determining 
aggregate  coat  effect  between  alternatives. 

d.  Use  procedure  developed  in  section  5  for  cost  monitoring 
and  selection  of  tradeoff  areas. 
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TOTAL  COST  MODEL 


4.1  General  -  The  total  cost  (T)  of  a  system,  equipment, 
can  he  represented  by: 

T  *  A+S,  (10) 

Where 

A  ®  the  cost  of  acquisition, 

S  =*  the  cost  of  operation  and  support. 

The  cost  S  is  based  on  the  expected  lifetime  cost.  Figure  4 
shows  the  basic  cost  model  which  has  to  be  evaluated.  Each 
element  would  ordinarily  be  evaluated  to  obtain  the  total 
cost.  For  purposes  of  reaching  a  decision  on  whether  to  accept 
a  particular  alternative,  differences  in  total  cost  are  employed. 
Thus,  it  is  unnecessary  to  evaluate  equivalent  elements  of  the 
two  alternatives  when  considering  Which  one  of  two  to  choose. 

It  is  necessary  only  to  evaluate  the  elements  that  are  perti¬ 
nent  to  a  particular  decision. 

Let 


Tx  **  total  cost  of  the  first  alternative. 

Ta  *  tot  2d  cost  of  the  second  alternative, 
the  difference  in  total  cost  (ATa  % )  is  represented  by 

AT.,i"W  HD 

Where  elements  of  cost  common  to  the  first  and  second  alterna¬ 
tives  need  not  be  considered  if  they  are  equal.  If  the  quantity 
ATa  is  negative,  it  means  that  the  second  alternative  is  less 
costly.  If  positive,  it  means  that  the  first  alternative  is  «.he 
correct  choice,  viz.,  less  costly. 

When  two  alternatives  have  been  compared,  the  one  yielding  the 
lesser  cost  advantage  is  dropped  from  further  consideration. 
Successive  alternatives  are  devised  and  matched  against  the 
current  alternative  that  has  greater  cost  advantage. 

In  order  to  make  the  evaluations  above,  certain  basic  informa¬ 
tion  must  be  available.  This  information  Involves  the  detail 
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COST  MODEL 


acquisition  and  support  cost  elements,  and  associated  respon¬ 
sibility  for  generation,  i.e.,  the  contractor  or  the  Government. 
Thu  estimation  of  support  cost  as  well  as  certain  acquisition 
costs  requires  additional  information  which  permits  extrapola¬ 
tion  of  basic  cost  elements  into  expected  total  cost  differences; 
this  information  is  designated  as  operational  factors. 

Table  3  contains  an  overview  of  cost  factors  associated  with 
acquisition  and  Operation -Support ,  along  with  responsibility 
for  providing  necessary  information.  Also  included  is  a  de¬ 
tailed  listing  of  operational  factors  which  must  be  supplied 
(determined,  estimated)  in  order  to  +•  tonal  'te  acquisition  cost 
elements,  as  well  as  support  cost  elements,  into  total  expected 
cost  differences. 

The  total  expected  cost  model  ^rcorporatss  certain  specific 
techniques  required  to  generate  support  cost  and/or  performance 
changes  as  a  result  of  a  specific  alternative.  The  techniques 
are  either  in  the  detailed  cost  breakout,  or  appropriately 
referenced  to  the  applicable  appendix  containing  detail  proce¬ 
dures. 

Tacle  4  contains  a  listing  of  information,  along  with  respon¬ 
sible  sources,  which  will  be  required  to  be  furnished  by  both 
the  contractor  and  the  Government.  This  information  will  serve 
as  inputs  to  the  mathematical  xuCdel.  The  table  also  designates 
the  outputs  of  the  model  which  will  be  required  for  alterna¬ 
tive  evaluations. 

The  columns  designated  "Periurmance"  and  constant"  indicate, 
respectively,  whether  the  information  element  ia  a  constant  fas 
in  the  case  of  certain  inventory  costs) ,  and  whether  it  is  re¬ 
lated  to  the  system  value  parameters. 

42  D ST AIL  COST  ELEMENTS 

4.2.1  Cost  of  Acquisition  The  elements  of  .acquisition  cost  to 
be  cons C2e red  include  all  charges  which  may  arise  from  the  de¬ 
sign,  development,  fabrication,  and  installation  ot  thn  equip¬ 
ment. 

Particular  attention  sheila  be  paid  tc  items  which  mark  the 
differences  between  otherwise  similar  alternatives.  Among 
those  may  be: 
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TABLE  3 


TOTAL  COST1  ELEMENTS 
ACQUISITION  COSTS 


_ COST  FACTO!; _ _ _ 

Design  (R  &  0) 

Fabric at ion/GFE 
Inst  all at ion/GEEI A 
Manuals 

Line  Item  Document 
Test  Equipment 
Organisational 
Field 
Depot 
Standard 
Special 

Tooli  &  Fixtures 
Organizational 
Field 
Depot 

Standard 

Special 

OPERATIONAL  FACTOR 

Type  t item  cost  (production  qu«uw4ty) 
Type  t  item  Failure  Rate 
Type  x  item  Repair  Rate 
Number  Type  t  item  in  equipment 
Number  of  demands  for  factory  uupport 
Equipment  Restore  Time  (hours) 
Unreadiness  Due  to:  1.  Sparing 
2.  Personnel 
Equipment  Life 

Number  of  equipments  scheduled  for 
operation 

Number  of  Equipments  per  site 
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TABLE  3  (CCNT.) 

TOTAL  COST  ELEMENTS 
ACQUISITION  COSTS  SOURCE 


OPERATIONAL  FACTOR 


Equipment  operational  time  per  h~ 

Equipment  operational  readl..«ds  goal  (1-u) 

Equipment  reliability  MTBF 

Number  of  field  shops  Fa 

Equipment  phase  out  period  L' 

Number  of  organization  sites  Y* 

OPERATIONAL  AND  SUPPORT  COSTS 


COST  FACTOR 

Personnel:  (Technical  Manpower) 
Organizational 
Field 
Depot 

Facilities: (Utilities  &  Materials 
for  Maintenance  and 
test  equipment) 
Organizational 
Field 
Depot 

Transport  at ion 
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Field 
Depct 
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Organizational 

Parts 

Modules 
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Parts 
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Higher  Assembly 
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TABLE  3  (COST  .) 

TOTAL  COST  ELEMENTS 

OPERATIONAL  AND  SUPPORT  COSTS  SOURCE 


COST  FACTOR 


Depot 

Parts 

Modules 

Higher  Assembly 
Utilities  (Depot) 

Line  Item  (Depot) 

New 

Maintenance 

MRS. 

Debit  and  Credit 
Factory  (all  factors) 
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CONTRACTOR 


TABUS  4 


SOURCES  Of  XXFOftNATXOV 
(ft)  QOVERHKHrr  PROVED  UTFOBKATXQR 


PRODUCT  COST 


Lin®  it  SB  entry/Taaintsnance 
Quantity  newly  introduced 
Coat  par  new  item  entry 
Maintaining  item  in  stock 
On  Master  Repair  Schedule  (MRS) 
Quantity  of  stock  item  repair 
Debit  and  Credit 
Equipment  life 

Numbor  of  equipments  scheduled 
fox  operation 
Equipments  per  site 
Number  of  sites /Pield  Shops 
Equipment  Permissible  Unreadiness 
(Specified) 

Equipment  newtime  Allowable 

(Specified) 

Squipment  Maintainability  Allow¬ 
able  (Specified) 

Equipment  Reliability  Allowable 
(Specified) 


Na-fR 


MTBf 


Information  Requirements  for  Proposal  Prepu  ration  Procedures 
Equipment  Phase-out  Period  L 

m _ _ j  e  a  _ _  _  m _ *  j  ^  ® 


Number  skill  types  of  quantity 

assignable  G.  X 

Personnel  per  site  1  3*  X 

Maximum  X 

Minimum  X 

Utilisation  Factor  •''iainteneace)  P  X 

Personnel  Turnover  Rates  X 

Personnel  Util isationj (Operation)  X 
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PERFORMANCE 


TABLE  4  (COm.) 

(a)  GOVERNMENT  PROVIDED  INFORMATION 


_ FACTOR  _ _ _ _ _ 

Personnel  Utilization  (Maintenance) 
Quantity 
Skill 

Operational  Schedule 

Preventive  Maintenance  (Specified) 
Organizational  (Hours) 

Fie.M  (Hour®) 

Depot  (Hours) 

By  Tauki 
Periodicity 
Duration 

Equipment  Characteristics  (specified) 
Weight 
Volume 
Po vet 


Transportation  cost/shi °>ment 

Sr  t* 

C 

<  tii 

(HQ  AFLC/code  SGT/)  Military 

r 

Commercial 

Stf 

1 1  f 

PRODUCT  COST 
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TABLE  4  {COW. ) 


SOURCES  OF  INFORMATION 


(b)  CONTRACTOR-PROVIDED  INFORMATION 

PRODUCT  COST 


Design  (Research  &  Development) 
Fabrication/GFE 
I na  t a 1 1 1 1 ion/GEEI A 
Manual a 

Lina  Item  Documentation 
Taat  equipment* Type  par  location 
Organisational 
Field 
Dapot 

Standard  (Contractcr/OFB) 
Special 

Too In  &  Fixtures  * (Type  par  location 
Organisational 
Field 
Dapot 

Standard  (Contr&ctor/GFE) 
Special  (Contractor/GFS) 

Typo i  item  (spare  parta,  modules, 
and  high  aaaambly) 

Typai  item  failure  rata 
■i ypa  i  item  repair  rata 
Number  of  type  item  in  equip. 

Total  number  of  failures  over 
equipmant  life 

Number  cf  demands  for  factory 

support 

Factory  support  (total) 

Equipment  Reliability  and 
MeirtainafcU ity 
Unreadiness  Due  toi 
Inherent  Limit 


m£bf»  >■ 

MTTR,(; 


X 


X 


Spares  Allocation, 

M&nning  Allocation  u  X 


U 


X  XX 


TABLE  4  (CONT.) 

(c)  INFORMATION  PROVIDED  BY  M002L 


PRODUCT  COST 


i4 

« 


Unreadineea 

Personnel t (Direct/Indirect 
technical  Manpower 
Organizational 
Field 
Depot 

Facilities*  (Utilitioa/foaterial 
for  operation  and  maintenance 
Organizational 
Field 
Depot 

Tranaportation  j 
Organizational 
Field 
Depot 
Sparea  t 

Organizational 

Parta 

Module* 

Higher  Aaaembly 
Field 
Parta 
Module* 

Higher  assembly 
Depot 
Parts 
Module* 

Higher  Asaembly 
Line  item  processing  (Depot) 
Introducing  new 
Retaining  item  in  etock 
Retaining  item  on  *iRS 
Debit  and  Crsdit 
Factory  coat  (when  applicable) 


u 


X 


X  X 

X  A 

X 
X 


”o  I* 

e 

t 

■e 

'd  f 


/<=., 


«  t 

"4  t 


C 

C  i 

c 

«  » » 
c 

etc 
C  . 

■»  t  n 

C 

(  I 

#l« 

Cf  t  h 

C4. 

Ci  l  * 

C4.0 

C4  t  S 

U  T 

nJlm 

N  ,LR 

n  i 

c’ 

7 


X 

X 

X 

X 

X 

X 

X 

X 

V 

o 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 


X 
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a.  Built-in  fault  isolation  features. 

b.  Special  test  equipment, 

c.  Special  tools. 

d.  Facility  of  manufacture. 

Differences  in  research,  devel  opraent,  design,  or  hardware 
costs  should  be  considered  where  they  constitute  a  significant 
difference  among  the  alternatives.  Differences  in  requirements 
for  Qovemment-fumished  equipment  (QPE)  should  also  be  estab¬ 
lished.  In  any  case,  refined  estimates  of  costs  are  justified 
only  whan  the  alternative,  or  group  of  alternatives,  has  cost  or 
other  advantages  which  make  it  a  good  candidate  for  selection. 

Cost  of  acquisition  (A)  can  bs  represented  byi 

A*  c4+cf+cJ+cii+ct+ct+c^  (12) 

Where 


ca  »  coat  of  design, 

cf  *  cost  of  fabrication, 

ct  *  cost  of  installation, 

ca  *  coat  of  manuals, 

e  -  coat  of  test  equipment, 

c  *  cost  of  tools  and  fixtures,  and 
* 

■  cost  of  line  item  documentation. 
4. 2. 1.1  -  Cost  of  Design  -  its  cost  of  design  is 


■C,  +C^  +  C 

it  4  a  4 


+C, 

I  da 


where 


(13) 


c  *  cost  of  electrical  design, 
c4  *  cost  of  mechanical  design, 
c  a  cost  of  engineering  s import ,  snd 
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c  ■  coat  of  Product  Mauranca. 

4  a 

4. 2.1, 2  Coat  off  Fabrication  -  Tha  coat  of  fabrication  ia 
rapraaantad  ““ 


(14) 


vftiere 


c  ■  coat  of  manufacturing  anginaaring, 

t « 

c,  «  coat  of  aaaambly, 

•  ft 

cfl  "  coat  of  inventory, 

cf(  -  coat  of  ahipping/receiving, 

c  ■  coat  of  model  and  machine  shops, 

f  * 

c  t  *  co*t  of  teat  engineering, 

f 

c  -  coat  of  quality  control,  and 

*  i 

c  *  coat  of  purchasing. 

4.2.1. 3  Coat  of  Installation  -  The  coat  of  inatallation  can 
be  broken  into 

c  »  c  +c  +c.  +c,  +c,  +c  (is) 

wi  lj  is  It  Jr  1*  If 

where 


c  *  cost  of  prototype  inatallation, 

i  9 

c  »  coat  of  aervice  model  inatallation , 

i* 

c  ■  coat  of  training, 

c  ■  coat  of  repair  program, 

i  P 

c  *  coat  of  spares  provisioning,  and 
cJf  *  cost  of  field  support. 


3? 


c  *  cost  st  organization, 

cf  K  cost  at  field, 

c4  ■  cost  at  depot,  and 

c  ®  coat  at  factory. 
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4. 2. 2.1  Coat  at  Organization  -  All  operational  coat*  ar®  in¬ 
cluded  with  the  a up port  coata  at  organization.  The  cost  at  or¬ 
ganization  (ct )  is  represented  by 


c  *c 


+c  +e  +c 

i  t  f  «  «  <«t 


wher; 


(20V 


c#  »  cost  of  personnel, 
c  .  ■  cost  of  facilities, 
c# t  ■  cost  of  spares,  and 


ctt  *  cost  of  transportation. 


4.2. 2.1.1  Cost  of  personnel  -  The  cost  of  personnel  iu  repre¬ 
sented  by 


where 


» J* 


(21) 


G1?k  -  number  of  men  with  skill  i,  in  3kill  field  k,  in 
an  operation  and  maintenance  unit  j, 

X  *  average  expense  incurred  by  the  government  as 
a  result  of  the  manning  with  skill  i  in  skill 
field  k,  in  unit  j,  and 

F  ■  the  administrative  and  service  costs  normal  to 
an  operating  and  maintenance  unit  of  size 


Thu  values  of  these  variables  are  found  as  follows t 


a.  G1Jk  is  the  number  of  men  with  skill  i,  skill  field  <%.,  in 
operations  and  maintenance  unit  j,  and  is  determined  by  a 
manning  analysis.  See  Appendix  III. 

b.  Xi  j*  i  see  under  personnel  cost  in  Appendix  VIII. 

c.  for  small  relative  changes  in  SXZG, ,  the  difference 
in  F  is  practically  insignificant. 
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4, 2, 2. 1.2  Post  of  Facilities  -  The  coet  of  facilities  (c  ), 
including  utilities,  is  represented  by  * 


•  t 


C  .  ¥C  4-C 

•  f«  •  f  i  »ft 


(22) 


Normally,  demonstrable  differences  *n  these  costs  will  not 
exist  among  alternatives,  and  for  this  reason,  such  costa  can 
be  neglected*  or,  in  many  cases,  they  will  cancel  out  when 
differential  costs  are  considered.  Where  they  are  neither, 
estimates  should  be  made  using  the  best  available  information. 
(Tho  buildings,  power  generators,  test  equipment,  and  similar 
items,  are  acquisition  coste,  if  chargeable).  These  costs 
may  be  treated  as  follows t 


c#fu-cost  of  utilities  (power).  It  is  nocoesarv  to 

estimate  total  power  for  equipment,  air-condition¬ 
ing,  etc.  Where  power  is  generated  on  site,  use 
delivered  cost  of  fuel.  Otherwise,  use  KWH  rates 
for  commercial  sources.  Include  the  cost  of  power 
(fuel)  for  operation. 

c9f<*cost  of  materials  for  maintenance  or  facilities. 

It  is  necessary  to  estimate  the  total  cost  of 
upkeep  using  as  source:*,  the  civil  engineering 
site  function. 

c#  ft«cast  of  materials  for  maintenance  of  test  equip¬ 
ment.  This  cost  is  to  be  assessed  in  the  same 
manner  as  the  operating  equipment  and  in  conjunc¬ 
tion  with  it  where  there  is  a  commonality  between 
parts. 


4. 2. 2. 1.3  Cost  of  Spares  -  The  actual  number  of  spare  items, 
of  all  type s^  is  established  by  using  an  optimizing  technique. 
T..a  principle  of  the  technique  is  to  chose  the  one"  alternative 
from  many,  which  returns  maximum  reduction  in  unreadiness  per 
unit  cost  invested.  See  appendix  VI,  Logistic  Criteria  and 
Methods  for  Establishing  Spares  Levels. 

The  general  equation  representing  cost  of  spares  at  Organisation 

is 


where 


c 

0  , 


C 

e  »  . 


+  C 

0  9  ■ 


+c 

0  I 


* 


(23) 


c  »  cost  of  parts, 

9  f  w  •* 
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c  *  cost  of  modules,  and 

«  i  ■ 

c  ■  cost  o:'  higher  assemblies. 

t  I  R 

4. 2. 2. 1.4  Cost  of  Parts  -  Lot  the  cost  of  parts  (c#f>)  be 
represented  by  the  folU  wing  equation: 


:  *  LEZc,  n.  V 

a  «  p  ^  1  — >  1  ~3  p  l  — p 


(24) 


and 

whero 


N 


c 

p 


L  *  Life  of  equipment  • 

£  *  number  of  equipments  scheduled  for  operation 
n?  «  number  of  part  i  p-ar  e<iuipment, 
c,  »  coat  of  oart  i, 

t  ~p  “ 

; \M  «  usage  rate  of  part  i, 

*  ”P 

N  11  total  parte  repair  demands  (usage)  -organiza- 
tion 

35  LEIn,  ~K.  and 

t  -a  ^  i  -p 

c  *  mean  cost  of  part. 

p 

The  total  demands  for  repair  baaed  on  p:  rt  count  is  given  by 


N  -  LEZN  .  (25) 

r  1  -p  1  -v 

The  number  of  part  replacements  at  organization  level  l*  given 
by 

N  -  LESN  „V  ( 26 ) 

f  -H  t  -a  *  i  -p 

where  n  ■  number  of  part  applications  in  assemblies  for  which 
organ  izs&fi  has  repair  responsibility. 

Similarly,  for  field  and  depot. 


N  ,  -  LEIN,  ,  . 

r  ~i>  t  ■-  -f »  i  -» 


N  4  -  LEXN  £  X, 

T  -is  i  i  _S  p  i  -f 


(27) 
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and 


K 


N 


r  — p  0 


+  N 


p  -?  f 


+N 


r  -p  * 


When  usaga  information  is  missing, 
ing:  r/ 

* 


is  found  by  the  follow- 


(28) 


Where 


♦ 


Tvj  »  predicted  failure  rate  of  the  part  i. 

For  high  demaid  systems,  part  cost  orver  the  equipment  lifetime 
will  closely  approximate  this  expression,  and  will  not  usually 
contribute  significant  unreadiness.  For  low  demand  systems,  it 
will  generally  be  necessary  to  derive  part  cost  through  optimiz¬ 
ing  procedures  (detailed  in  appendix  VI) . 


4. 2. 2.1. 5  Cost  of  Modules  -  The  cost  of  modules  at  organization 
is  represented  ty 


where 


c 


0  0  B 


(29) 


St  »  number  of  modules  of  type  i,  used  and  on 
hand  at  the  time  of  phase-out,  at  organi¬ 
zation  to  maintain  a  pre-established  level 
of  permissible  unreadiness, 

Sj  *■  S  [support  alternative,  u(u,\)],  reference 
appendix  III,  appendix  VI. 


where 


u  “  unreadiness,  and 
c}  *  cost  of  module  of  type  i. 

The  usage  rate  is  approximately  equal  to  the  failure  rat*  for 
the  module  ca*@< 

^See  Appendix  VIII  for  parte  usage  constant. 
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4. 2. 2. 1.6  Co»t  of  higher  Assemblies  -  The  cost  of  higher 
assemblies,  at  organization,  Is 


c  -  IS.  „  c,  (30) 

o  > h  1  -ho  1 

1 

Where 

Sj  h#  *  number  of  higher  assemblies,  of  type  i  used, 
and  on -hand  at  time  of  phaae-cat,  at  the  or¬ 
ganization  to  max.  tain  a  pre-established  level 
of  permissible  unreadiness, 

St  h0  *  cost  of  higher  assembly  of  type  i. 

4, 2. 2. 1.7  Cost  of  Transportation  -  The  transportation  costs 


at  organ: 


'}  are  determined  in  the  following  manner: 


(a)  From  on  site  operational  location  to  and  from  on 
site  field  maintenance  shop  by  routine  methods 
(generally  negligible  cost) . 

(b)  cft  *  site  operational  ....  by  priority  requisition 

*  (demands)  x  (average  length  of  round  trip)  x  (cost 
per  trip  (Government  Data  Input)) 

(c)  c4  ■  site  operational  ....  from  depot  maintenance 
(4. 2. 3.4)  . 

(d)  Vehicles  on  which  equipment  is  mounted  should  be 
included  in  acquisition  coats,  whether  Government - 
furnished  equipments  or  contractor-supplied. 

4. 2.2. 2  cost  at  Field  -  The  cost  at  field  (cf )  is  represented  by 

c  “  c  +c.  +c  .  (31) 

4.2.2. 2.1  Cost  of  Personnel  -  The  cost  of  personnel  at  field 
(when  distinct  of  organization)  (c  } 

c  -  (TTT  G  X  )+F  *3?) 

t  *  '  i  i  k  !  '  t  '  “  f 


where  the  symbols,  on  the  right  ride  of  the  equation-  are  de¬ 
fined  in  paragraph  4. 2. 2. 1.1  Field  personnel  any  be  considered 
as  independently  contributing  unreadiness  {asm  examples  of 
Appendix  III) . 


4. 2. 2. 2. 2  Cost  of  facilities  at  Field  -  In  determining  cost  of 
facilities  at  field  use  procedure#  in  4. 2. 2.1. 2. 

4. 2. 2. 2. 2.1  Post  of  Spares  at  field  -  The  cost  of  spares  at 

is  expressed  as 


'r « 


c.  +c.  +c.  „ 

(ll  f  I  ■  fill 


Where 


(33) 


c.  *■*  cost  of  parts, 

fit  * 

c.  “  cost  of  modules,  and 

r  *  ■ 


c  =  cost  of  higher  assemblii.*. 

4.2, 2. 2. 2. 2  Cost  of  Parts  -  The  cost  of  parts  at  field  (cfj>) 
is 


‘f  *  > 


N 


where 


(34) 


Nr f  “  total  parts  repair  demands -field. 

4. 2. 2. 2- 2. 3  Coat  of  Modules  -  The  cost  of  modules  at  field  is 


vher© 


(35) 


Sj  t  3  number  of  modules.,  of  type  i ,  used  and  on 
hand  at  the  pv  «.e-o;st  period,  at  field  to 
maintain  a  pre-established  level  of  per¬ 
missible  unrsadines*, 

5.  **  S  [support  alternative,  u(u,X)j  (references 

appendix  III  and  appendix  VI,; 

4. 2,  2, 2, 2.4  Cost  of  Higher  Assemblies  -  The  cost  of  higher 
assemblies,  a£”'fXeX5,  To,  .  1  Ts~ 

f  ♦  * 


where 


S  ■  number  of  higher  assemblies,  of  type  i, 

used  and  on  hand  at  the  phase-out  period, 
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at  field  to  r&tatain  a  pre-sstabl ished 
level  of  penri*<sibl«  unreadiness, 

S  Sf  *  S[support  alternative,  u(u,!\)}  (references 
appendix  III  and  appendix  VI* 

4. 2. 2. 2. 3  Cost  of  Transportation  -  The  cost  of  transportation 
(Cft)  i®  counted  as  part  of  organization  or  depot  costs. 

(See  paragraphs  4. 2. 2. 1.7  and  4. 2. 2. 3.4). 

4. 2.2. 3  Cost  at  Depot  -  The  coat  at  depot  (cj  is  represented 

by 


C  =  CJ  +e_,+c,  +c.  +c.  +c4 

d  d  >  it  ti  it  du  t 


(37) 


where 


cia  =  cost  of  personnel  at  depot, 
cif  »  cost  of  facilities  at  depot, 
c,  *  cost  cf  spares  at  depot, 

d  h 

cdt  *  cost  of  transportation  at  depot, 

ciu  *  coat  of  utilities  at  depot  and 

c;  *  cost  of  line  item  at  depot. 

4. 2. 2. 3.1  Cost  o£  Personnel  at  Depot  -  The  cost  of  personnel  at 
depot  (c.  )  is  represented  as  follows : 


depot  (< 
Let 


d  a  ' 


where  r 
t  ’mad 


*  the  module  repair  demand  at  depot 
“  (r1+qi!LEni_> 

i 

,  qx  are  fractions  of  L  tal  module  failure  population  re~ 
rrom  organization  and  field,  and 


a  the  higher  assembly  repair  demand  at  depot 


(r3+q3)LEr.w 


\ 

h  i  -h 


where  r  ,  are  fraction*;  of  total  higher  assembly  failure 
population  returned  from  organization  and  field. 
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Since  ther«  is  essentially  a  constant  workload  at  the  depot, 
rather  than  the  standb //work  situation  that  exists  at  the 
field  and  organization,  cd>  can  be  expressed  as  follows: 

cd,  *  LE  [Str^  (3Q) 

+  (Mra+cia)nl_  x/u,  _h)]cd 

where 

4,  b  *  mean  repair  rate  of  modules,  of  type  i, 

”*  at  depot, 

4,  *  mean  repair  rate  of  higher  assemblies,  of 

type  i,  at  depot,  and 

c  =  cost  of  labor,  direct  and  indirect*. 

d 

4. 2. 2. 3. 2  Cost  of  Facilities  at  Depot  -  The  cost  of  facilities 
(cd  )  is  represented  by 


where 


Cd* 


i  t 


+c 

■  1 1 1 


(39) 


cd  f  m  =  cost  of  material  for  maintenance  of  facili¬ 
ties  at  depot,  and 

ci,i  =  cost  of  material  for  maintenance  of  test 
equipment  at  depot . 

The  statements  in  paragraph  4. 2. 2. 1.2  are  applicable  in  evalua¬ 
tion  of  tha3e  costs. 

4.2.2.J.3  Cost  of  Spares  in  Oepot  -  The  general  equation  repre¬ 
senting  cost  _oF  spares  in  depvu  is 

c  s  e  rc,  +e,  . 

fig  dap  .it*  a  *  a  \  ) 


where 


c,  *  cost  of  parts, 

4 ,  t  r 

c  *  cost  of  modules,  and 
appendix  VI II  for  depot  labor  constants. 
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c,  .  *  cost  of  higher  assemblies. 

a  I  B 

4. 2.2. 3, 3.1  Cost  of  parts  -  The  cost  of  r.„rte  at  depot  (c  ) 
can  be  expressed  as  ,p 

Also  i 

’fcd’era 

*  total  part  repair  demand -depot. 

(See  paragra/h  4.2.2.2.2.1) . 


«  *  r 


LESc,  n 

1-1!  1  -P  d  l  _B 


(41) 


N  ,  c 

T  -Pi  P 


4. 2. 2. 3. 3. 2 


is 


Cost  of  Modules  -  The  cost  of  modules  at  depot 


where 


"4  I  ■ 


XS.  ,c. 

i  1  4  l 


(42) 


S,  ti  =  number  of  modules,  of  type  i,  used  and  on 
hand,  at  the  phase-out  period  at  depot  to 
obtain  desired  opera t:  on al  readiness  for  the 
equipment . 

St  ti  *  S  [support  alternative,  u(u,\)]  (reference 
appendix  III  and  appendix  Vi) , 


4. 2. 2. 3. 3. 3  Coat  of  Higher  Assemblies  -  fhe  cost  of  higher 
assemblies,  at  depot,  (c  1  5Ts-. 

F  1  «  h 


ca  “  TS. 

ti  j  {  t  ... *  i  i 


(43) 


Where 


S5_w  15  number  of  higher  assemblies,  of  type  1,  used 
and  on  hand  at  phase-out  pariod  at  depot  to 
maintni?!  a  preentablished  level  of  permissible 
unreadiness , 


S  _  ■  df  support  alterative,  u(u,  X)  ] . 
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c,  *  cost  of  power  and 
c  _  *  cost  of  buildings. 

Normally,  this  cost  will  cancel  out  when  taking  differentials 
corresponding  to  different  alternatives.  if  it  doe?  not,  a 
cost  analysis  is  required. 
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4. 2.2, 3,6  Cost  of  Line  Item  -  The  cost  of  line  item  (c.  }  can 
be  repreaenTe’d'  Ey  -  1 

«  Njl+(L)  (M)  ]+Nrt  (L)  (R)+(Nr)  (D),  (47) 

Where 

*  member  of  new  line  item  introduced  into  \he  supply 
eyatem.  The  value  of  this  factor  i»  necessarily 
user  furnished  data. 

I  *  cost  of  introducing  a  line  item  into  the  support 

system.  The  value  has  been  detemired  to  be  approxi¬ 
mately  $34.00  per  item. 

L  «=  life  of  equipment 

M  “  cost  per  year  of  maintaining  a  line  item  in  the  supply 
system.  The  value  has  been  determined  to  be  approxi¬ 
mately  $19.00  per  year  per  item. 

N  v=  number  of  stock  items  repaired  by  depot.  The  value 
r  {  is  furnished  as  user  furnished  data. 

R  =  cost  per  year  of  maintaining  a  stock  item  (recover¬ 
able)  in  the  master  repair  schedule  (MRS) .  The 
value  has  been  determined  to  be  approximately 
$29.00  per  year  per  item. 

D  *  debit  and  credit  costs  associated  with  inventory 

accountability  and  storage  for  item  repaird  at  the 
depot.  This  refers  to  a  documentation  cost,  and 
has  been  determined  tc  be  approximately  $14,00  per 
repair  action. 

4. 2. 2.4 

c^  s  costs  at  factory 

In  these  instances  where  factory  maintenance  is  planned  as  an 
integral  part  of  the  equipment  maintenance/support  policy,  the 
costs  connected  with  performing  the  services  at  factory  will 
be  approximately  the  same,  or  somewhat  less,  than  would  be  in¬ 
curred  id  the  work  were  done  at  depot. 

The  valutas  of  M,  R,  0,  and  I,  are  determined  by  tome  Air  De- 
velopm*nt  Center's  Technical  Report  65-214.  (For  all  these 
value*,  see  appendix  VIII.  The  values  of  the  other  parameters 
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are  variable  with  che  system  type. 

4.3  :to»t  Analysis  Structure 

The  acquisition  and  support  cost  elements  presented  in  the  fore¬ 
going  section  may  be  viewed  profitably  aa  consisting  of  two 
common  cost  categories.  These  are  recurring  and  non-recurring 
costs.  In  the  following  tables  (5 (a) -(d)  and  6(a)  and  (b) ) , 
acquisition  and  support  coat  are  identified  in  terms  of  these 

cost  categories. 

Tne  rationale  behind  the  breakout  of  both  ecqueition  and  support 
costs  into  non-recurring  and  recurring  is  that  it  simplifies  iden¬ 
tification  of  distinct  cost  elements,  and  of  equal  importance,  it 
points  up  the  significant  areas  of  cost  tradeoff  (engineering  and 
fabrication) . 

4.4  Cost  Decision  Element  Matrix 


In  general,  it  will  only  be  necessary  to"  evaluate  the  difference 
between  two  alternatives;  where  more  than  two  alternatives  exist, 
the  procedure  is  to  systematically  eliminate  the  poorer cho ice 
alternative  by  direct  comparison  of  estimated  cost  differences 
(being  assured  that  system  value  parameters  are  satisfied  by  each 
alternative  considered) . 

Figure  5  illustrates  a  tabular  procedure  for  evaluating  each 
element  of  the  cost  model.  Provision  is  made,  in  figure  5,  for 
the  evaluation  of  two  alternatives.  Only  the  elements  that 
change,  from  one  alternative  to  the  other,  will  be  required. 

Once  two  alternatives  have  been  evaluated,  the  one  yielding  a 
cost  advantage  is  retained,  and  the  other  alternative  is  no 
longer  considered. 
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5.  TIMS  PHASED  VALUE  METHODOLOGY 

5.1  Technique  Philosophy  -  The  basic  rationale  of  the  value 
allocation  review  technique  consists#  of  directing  the  sellers 
to  cost  and  value  goals  which  will  make  them  more  competitive 
through  cost  consciousness ,  based  on  increased  awareness  of 
procurement  item  requirements  and  the  competitive  environment. 
Basically/  the  technique  presumes  competitive  behavior  of  the 
seller  in  a  dynamic  situation  of  increat ing  information  con¬ 
cerning  both  product  requirements  and  competitive  environment. 

Given  a  value  incentive  goal/  the  potential  seller  will  have 
the  capability  of  using  the  following  strategy: 

a.  He  will  assume  that  he  is  in  a  position  to  repeat  or 
outperform  his  previous  cost  position,  because  of  the 
additional  insight  gained  in  past  performance. 

b.  He  will  direct  himself  t  development  of  cost  structure 
compatible  with  the  value  goals. 

This  coat  structure  must  be  directed  to  a  cost  at  or  below  the 
buyer's  cost  allocation  targets,  if  the  seller  expects  to  re¬ 
main  competitive.  The  result  of  the  buyer's  specifying  a  cost 
goal  i'i  tc  shift  the  mean  amount  of  the  total  cost  responses 
toward  a  lower  cost.  Additionally,  the  magnitude  of  cost 
difference  between  the  cost  allocation  target  established  by 
the  buyer  and  that  established  by  the  seller  will  be  heavily 
dependent  upon  the  seller* a  known  competition.  Thus,  the 
seller  must  direct  himself  to  establishing  a  cost  goal  which 
will  be  below  that  of  hi j  competitors.  Recognizing  that  his 
competitors  are  striving  to  achieve  the  contract  award,  his 
cost  goal  must  be  predicated  additionally,  on  the  cost  goal  of 
the  coapetxt’on.  This  latter  effect  provides  an  additional 
incentive  to  rel  re  the  target  goal  still  further. 

5 . 2  Value  Allocation  Review  Technique  ( 7 ART ) 

5.2.1  Background  -  Value  engineering  may  be  viewed  as  divided 

into  two  application  phases? 

a.  Proposal  Phase,  &nd 

b.  Contract  Performance  Phase. 

The  ob3 active  of  value  engineering  in  the  proposal  phase  is  to 
avoid  unnecessary  costs  by  means  of  a  detailed  examination  and 
allocation  of  proposed  program  cost*  (See  figure  6  (a)).  In 
th*  contract  performance  phase,  the  objective  is  to  iupleoant 
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tne  costs  developed  in  the  proposal  phase,  then  to  determine, 
periodically,  if  the  a?  ount  of  the  costs  should  be  continued, 
reallocated,  or  reduced  (See  figure  5  (b)). 

In  our  free  economic  system,  the  optimization  of  value  with 
respect  to  resource  cost  may  be  viewed  as  a  game  of  strategy 
involving  the  buyer  and  the  competitive  sellers,  several 
basic  assumptions  being  connected  with  the  proposal  and  con¬ 
tract  performance  phases  as  follows: 

a.  Proposal  Phase  -  It  is  assumed  that  the  competing 
sellers  will  spend  the  full  amount  of  contract  (at 
least) «  This  assumption  forces  the  attention  of 
the  buyer  to  ensure  that  the  bid  of  the  winning 
seller  contains  no  unnecessary  cost.  Further,  the 
bid  by  the  winning  seller  must  be  controlled  to  the 
budgeted  amount. 

b.  Contract  Performance  Phase  -  It  is  assumed  that  the 
seller  will  try  to  increase  the  scope  of  the  contract, 
i.e.,  to  cover  an  underbid,  obtain  return  from  cost 
reduction ,  and  the  like.  It  is  also  assumed  that  the 
pressure  from  the  buyer  may  force  the  seller  to  ful¬ 
fillment  of  the  proposed  design,  even  if  superior 
alternatives  have  been  developed  (a  natural  aspect  of 
risk) . 

5.2.2  Technical  Discussion  -  The  value  allocation  review 
technique  involves  four  fundamental  steps  in  its  general  appli¬ 
cation  form.  These  steps  are: 

a.  Step  1  -  Allocation  of  value/cost  goals  to  the  pro¬ 

curement  of  items  by  the  procuring  agency, 

b.  Step  2  -  Allocation  of  value/cost  goals  to  deliver¬ 

able  i+ams  by  the  competitive  contractor. 

c.  Step  3  -  Allocation  of  value/cost  goals  co  item 

elements  by  the  competitive  contractor. 

d.  Step  4  -  Review  of  value/cost,  performance  by  the 

contractor. 

5. 2. 2.1  Step  1  -  Procuring  Agency  Allocation  -  The  buyer  and 
his  associate!*  engineering  staff  are.  In  most  cases,  in  the 
best  position  to  obtain  a  value/cost  goal.  This  goal  should 
be  part  of  the  work  statement  provided  to  the  sellers.  The 
goal  Is  established  using  experience  data  applicable  to  the 
item (a)  being  procured: 
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In  genoral,  the  cost  90a!  used  would  be  that  of  the  most  simi¬ 
lar  and  recent  acquisition  by  the  Governaent ,  procured  in  a 
competitive  environment.  The  cost  goal  would  depend  on  the 
number  of  items  of  a  type  being  procured  h  first  step  in  im¬ 
plementing  these  buyer's  goals  would  be  the  development  of  a 
value/cost  similarity  library.  These  goals  should  be  indexed 
to  permit  determination  o£: 

a.  Previous  procurements  which  are  identical  to  the 
current  item. 

b.  Items  having  the  same  value,  but  not  the  same  detailed 
specif  .cations . 

c.  Items  Slaving  both  different  value  and/or  detailed 
specifications. 

This  value/cost  similarity  library  would  ultimately  provide 
correlation  for  value/coat/time  targeting  for  procurement 
agencies . 


5. 2. 2. 2  Step  2  -  C  ntractor  Value/Cost  Goal  Allocation  -  The 
competitive  contractor  will  have  at  hie  disposal,  or  should 
have  in  order  to  remain  competitive,  the  following  procurement 
cost  goal  information: 

a.  The  amount  of  funda  that  the  procuring  agency  has 
allocated  for  the  items  (if  available). 

b.  Value/cost  goal  established  in  step  1. 

c.  Appraisal  of  competitor®  based  on  cost  of  ffiasiiar 
items .. 

d.  Self-appraisal,  based  on  in-houpe  technical  capability. 
This  cost  goal,  at  most,  should  be  the  least  of  the  anticipated! 
costs  in  a,  b,  c,  or  d,  above. 

5 . 2 . 2 .  3  Step  >  -  Value/Cost  Goa  j  Allocation  to  I  cam  Zleawnt*  - 
Value/cost  goals  ars  prorated  to  item  elements,  based  on  their 
contributions  to  item  cost.  Theca  goals  are  established  as 
follows: 


a.  From  Step  2.  the  total  of  th®  item  value/coat  goal 
(T)  ic  established. 
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b.  The  allocated  value/coat  of  an  item  element  ia  es¬ 
tablished  from 


T«T. +T  +...+T  +  ...T 

1  d  1  tt 

wher& 

T  *  allocated  cost  goal  cf  the  item/task, 

Ct  *  experienced  cost  of  a  similar  Itam/tasK, 

and  k  in  established  from  k~  T/LC4 

t 

3.2.2. 4  geep  4  •*  Reviarw  -  The  allocated  value/cost  goals  are 
reviewed  at  pro-determined  monitor  points  on  an  item  basis. 
Tradeoffs  and/or  reallocation  of  value /cost  goals  between 
equipment  packages  are  performed  where  required.  At  all  times 
the  value/cost  goal  is  reviewed  with  respect  to  total  expected 
recur- ing  and  non-recurring  costa. 

5. 2. 2.5  Value  Allocation  Review  Technique  Engineering  Team  - 
There  are  three  fundamental  areas  of  tradeoff  open  to  a 
potential  contractor  in  a  competitive  bidding  situation.  The 
areas  involve  both  recurring  and  non-recurring  costs: 

*,  Engineering  costs 

b.  Fabrication  coots 

c.  Support  «-nd  operation  costs 

insuring  that  the  total  cost  pit turf  is  doing  evaluated  and  re¬ 
viewed  will  require  at  »11  poic+s  in  the  program  the  coordina¬ 
tion  of  the  disciplines  of  design,  production,  and  procurement. . 
These  activities .  related  on  an  item  basis,  constitute  the 
functions  of  the  value  “1 location  review  technique  team,  as 
ill uafcr# ted  in  fi gc re  7  - 

h  fundamental  practical  problem  exist*  in  making  the  assign 
engineer#  **iu«* /cost-conscious .  Many  techniques,  such  as 
Zero  Defects  programs .  cost  reduction,  incentive  pay.-  snd  the 
like,  have  been  used  to  this  end  in  the  past  with  varying 
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1  Staff  | 
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degrees  of  success,  but  all  lacking  in  consistency.  The  major 
difficulty  in  value  achievement  at  leant  coat  lie*  in  the 
designer's  lack  ©t  knowledge  of  manufacturing  and  support  coat. 
Thns ,  whereas  the  designer  may  quite  adequately  estimate  the 
cost  in  terms  of  labor  hour*  for  his  effort  to  produce  a  design 
to  meet  requirements,  he  is  most  frequently  at  a  complete  loas 
to  estimate  the  cost  indications  of  ^umufacture*  Conversely, 
the  production  engineer  is  in  the  same  situation  with  respect 
to  design  cost*.  It  is  only  through  coordination  of  the  engi¬ 
neering  disciplines  that  neceuaary  cost  consciousness  can  he 
achieved. 

5. 2. 2. 6  Cert  rec  tor  Application  -  Value  allocation  review 
technique  ray  In>  conaidereST  as  an  iterative  procedure  involving 
the  following  routine t 

a.  Establish  the  system  value /cost  go*’ , 

b.  Allocate  vtlue/cost  goals  to  item*  comprising  the 
system. 

c  Perform  tradeoffs  to  achieve  value/cost  goals. 

d.  Analyse  variation  from  value/cost  goals  at  item  levels. 

e.  ileal  locate  vaiivs/coet  variance  funds  among  item,  to 
ensure  achieving  the  system  value/cost  goals. 

£.  Tost  the  sensitivity  of  the  initial  value  cost . system 
goal  by  systematically  reducing  the  cost  goal  in  (a), 
and  repeating  step*  (b)  through  Ce) ,  until  the  value 
goal  is  unachievable. 

g.  Develop  bid  cost. 

h,  Pepeat  steps  (e)  through  ve)  at  each  scheduled  monitor 
point  at  the  item  level. 

3,2.2.?  jmalv^a  gf  Cgst  Varrstnee  *-  The  total  cost  of  §  system 
(T j  is  identified  foi'bmws* 

,  (49) 

where 

a  *»  cost  of  acquisition,  and 

S  *  cost  of  support/eper at ion . 
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Looking  ct  the  dynamic  situation,  it  can  02  said  that 


AT«iA+AS. 


(SO) 


Recurring  coats  related  to  non-recurring  coatK  -  The  recurring 
and  non-recurring  costs  are  identified  and  rel.aned  to  costa  of 
acquiaition  and  support  a*  follows  5 


T  *  A  +A  +5  +S 

a  p  t  p 

where 


A  *  non-recurring  costa  of  acquisition, 

j8 

hr  *  recurring  costs  of  acquisition, 

Sa  *  non-recurring  costs  of  support, 

*  recurring  costs  of  support, 

and 


A  *Sc, 

a  j  1  » 

a  *zc , 

r  i  1  -r  » 

S  »Xc,.  and 

a  j  i  « 


s 

T  j  1  -T  t 


(bA) 


where 


c,  *  non-recurring  costa  of  acquisition  of  item  (i$ , 

ci-?*  *  recurring  cost  of  acquisition  of  item  (i) , 

ct  »  non-recurring  cast  of  support  of  item  <1.' ,  and 

©*  #  «  recurring  cost  of  sun-p-sMf't  of  item  (i) . 


I*t  Ac  *  with  the  Appropriate  subscripts,  designate  a  change 
in  the  costa  as  a  result  of.  tne  following  j 

a.  Tradeoff  between  design  and  fabrication. 

b.  Design  alternative  selection. 

c.  Dssign/s  upper t  alternative  selection. 

The  expression  x\>r  change  in  total  cost  of  an  item  (i)  becomes 
^  ,  _t  -Ac  s  _R .  +  Ac ,  _r  c  +  Ac  t  s  +Ac ,  -r  f .  ( 52 ) 

To  obtain  the  fereek-even  cost,  let 


rearrange  the  tersis 

(Ac,  -* .+Aci  }+  (Aci  .+Acj  .  )a°' 
and  otuuming  results  in 


+2c. 

t  1 


)+<?cs-,.+p: 
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The  above  expression  means  that  for  every  increase  in  non¬ 
recurring  cost,  there  must  be  an  eg-'  talent  decrease  in  re¬ 
curring  cost,  in  order  not  to  change  the  total  cost. 

Cost  estim&tw-to-go  related  to  cost  expanded  -  kt  -any  point,  in 
the  progr&mdeve lopment ,  cost  control  is  concerned  with  two 
estimates ^ 

a,  Estimate-to-ge  (c  }  ,  &nd 

b.  Amount  expended  fc,  r) 

Ths  allocated  value/cosfc  to  the  item/task  package  (i)  should 
satisfy  the  condition 


v? 


c,>c,  -,+c. 


and  T-Sc, -Sc.  -Sc 

t  1  “*  5 “* 

and  ujing  the  equations  developed  previously 
T*A  +A  +A  +A  tS  +S  +S  +S 

n«  »  *  S  r  *  r  *  n  *  «•  f*  f  • 


and 

where 

A 


a  ( 


(53) 

(54) 

(55) 


(T+AT)  =  (A  +AA  )+(A  +AA  )+...+  (S  -AS  ) 

^Acquisition,  non-recurring  cost-to-go. 

e  Support,  recurring,  amount  expended. 

Proposal  phase  -  The  proposal  evaluation  toward  the  value  goal 
is  made  on  an  estimate-to-go  basis  as  follows* 


T*A  +A  +S  +3 

n«  f«  ««  r  | 


(56) 

If  T^A  +A  +S  +S  (57) 

n<  ft  tt  i  Ft  '  ' 

Submit  the  goal  to  sensitivity  analysis,  and  if 


T<A  +A  +fi  +S 
n  I  r  i  c  ;  r  i 


(50) 


tradeoffs  must  be  performed  to  achieve  the  cost  goal.  If  the 
goal  cannot  be  achieved,  the  feasibility  of  the  bid  must  be 
evaluated. 


Contract  performance  phase  -  At  each  succeeding  cost  monitor 
point  in  the  program,  expenditures  and  estisaates-to-go  must  be 
established  for  eacn  item/task.  By  task, 'package,  these  esti¬ 
mates  are  summed  and  compared  with  the  target  cost  goal  for 
that  task  package.  Where  the  cost-to-go  is  exceeded,  tradeoffs 
are  required  netween  non-recurring  and  recurring  cost ,  fee  »en*t 
the  csrqet  cost  goal  for  that  task.  Where  tradeoffs  fail  to 
achieve  the  cost  target  goal,  variance  funds  from  other  task/ 
packages  are  reallocated  to  ensure  that  the  overall  target 
cost  goal  will  be  met. 
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The  basic  criteria  for  selection  of  candidate**  for  valur  im¬ 
provement  are  easantially  the  »ame  as  those  used  in  aatablish- 
ing  the  value/coat  goal  allocation.  Thasa  criteria  arei 

a.  Similarity  of  item/task  to  previous  value/cost 
performance  records. 

b.  Identifiable  risk  involved  in  achieving  the  value/ 
cost  allocated  goal 

c.  Difference  from  the  allocated  value/cost  goal. 

It  should  be  noted  that  criteria  (a)  and  (b)  are  in  fact  com¬ 
ponents  of  the  value/cost  goal  allocation  which  may  be  estab¬ 
lished  by  the  buyer  or  seller.  Thus,  the  key  to  selection  of 
potential  value/cost  improvement  rests  in  the  analysis  of  the 
differences  from  the  value/coat  goal  allocation. 

From  the  defined  objective  statement.,  the  rate  of  return  per 
unit  resource  cost  can  be  established.  The  cost  difference 
for  the  value/cost  goal  allocation  are  given  as  follows  s 


Ac 


i  -t 


S&i  -a.+ACi~r.+ACi-^"ACi-r.* 


(59) 


This  expression  may  be  either  positive  or  negative.  Where  a 
positive  difference  exists,  the  item/task  (ij  becomes  a  target 
for  value/ccst  improvement.  If  these  item/tasks  are  ranked 
by  order  of  poeitive  coat  difference,  item/task  preference 
listings  art  obtained.  If  constraints  exi, t,  the  resources 
must  toe  expended  in  such  a  way  that  the  constraint#  a  re  not 
violated. 

At  any  point  in  the  program,  cost  variance  is  obtained  from 
the  monitored  expression  for  the  eguipment/tesk  package  (i), 
i .  s . , 


Ac.  '*AA.  „  +AA,  +AA 

>  «*a  t  • 


,  +AA, 

1  — ?  It  I  -f  * 


4AS,  +AS  .  +AS  +AS, 

t't  |  J  — »  *  l  — »  <  1  —  r  s 


(60) 


^ea” kpipeadTx  f  ftz'to&ditTon*  1  notes  on  the  selective  applica¬ 
tion  of  value  analysis , 


Figure  8  illustrates  the  tabular  format  for  reviewing,  evalua- 
tion,  and  reallocation  of  project  funds. 

Figure  9  illustrates  a  charting  technique  for  monitoring  coat 
with  respect  to  the  system  target  goal.  Variation  about  the 
system  cost  goal  can  be  anticipated  as  the  program  progresses, 
but  convergence  to  a  system  cost  below  the  target  goal  can  be 
anticipated.  For  purposes  of  comparison,  the  progresa  of  a 
typical  program  with  value  analysis,  as  it  has  been  practiced, 
is  shown  in  a  dashed  line. 

5 . 3  Selective  Application  of  Value  Engineering 

5.3.1  General  -  Typically,  engineering  results  are  constrained 
by  several  specific  resource  costs.  These  are  as  follows: 

a.  Time  -  Measured  in  terms  of  a  scheduled  delivery  of 
an  i tern/ task. 

b.  Money  -  Measured  in  terms  of  dollars  romaining  to 
complete  the  program  cn  schedule. 

c.  Skill  -  Measured  ir„  terms  of  personnel  availability 
and  associated  capability  to  perform  tasks  remaining 
on  the  program  schedule. 

These  constraints  are  not  independent  and  are,  in  fact,  continu¬ 
ously  traded-off  in  a  dynamic  renearch,  development,  and  pro¬ 
duction  program. 

5.3.2  Objective  -  A  basic  objective  of  value  analysis  is  to 
marshaxl  the  available  resources,  which  are  time,  money,  and 
skill,  and  to  direct  these  resources  in  achieving  a  maximum 
return  rate  in  value  per  unit  resource  cost  invested.  This 
objective  i£  beset  with  the  problem  of  dimensionality,  in  that 
resource  coats  involve  days,  dollars,  and  people.  As  a  necessity, 
these  resources  must  be  traded  continuously,  and  this  trading 
will  depend  upon  the  spec.’  f ic  program  requirements. 

5.3.3  Criteria  for  selective  application  of  value  analysis  - 
The  fundamental  consideration  of  value  return  por  unit  resource 
cost  should,  in  all  instances,  be  directed  to  total  expect ad 
cost,  i.e. ,  recurring  and  non-recurring  coats  for  engineering, 
production,  and  support/operation. 
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GURE  3.  COST  MONITORING  TABULAR  FORM 
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PIGURE  9.  TYPICAL  COST  ?RCFILE 


The  cost  variance  of  the  equipment/taek  package  (i)  ie  the 
algebraic  sum  of  the  coat  difference!. 


5.3.4  Total  expected  coat  variation  analysis  -  The  techni¬ 
que  developed  above  is  baaed  on  analysis  or  the  variation  in 
total  expected  cost.  Two  general  constraints  are  Involved, 
system  value  parameters  (it  is  assumed  that  all  feasible  al¬ 
ternatives  satisfy),  and  acquisition  cost  goal.  Because  this 
cost  goal  acts  as  a  constraint,  the  question  arises:  How  is 
it  possible  to  achieve  a  minimum  total  expected  cost?  A 
further  complication  is  that  the  technique  does  not  require 
establishment  of  total  expected  support  costs. 

The  rationale  which  permits  these  problems  to  be  avoided  is: 

The  allocated  value/cost  goal  on  the  initial  iteration  acts 
as  a  constraint,  that  is  to  say,  alternatives  which  satisfy 
the  acquisition  value/cost  goal  are  systematically  evaluated 
to  establish  a  least  support  cost  ,  based  on  support  cost  differ¬ 
ences  between  alternatives.  Secondly,  the  value/cost  goal 
should  be  varied.  This  permits  evaluation  of  these  questions: 

(1)  Will  an  increased  acquisition  cost  produce  an  off¬ 
setting  support  cost  difference  to  justify  the 
increased  expenditure? 

(2)  Will  a  decreased  acquisition  cost  be  offset  by  an 
increased  support  cost? 

If  the  answer  is  "yes"  to  either  of  these  questions,  the 
initial  value/cost  goal  is  near  optimum.  If  the  answer  is 
negative,  alternate  proposals  should  be  submitte  \ 

5.3.5  Summary  -  The  value  allocation  review  technique  consti¬ 
tutes  complete  revision  of  the  existing  pproach  to  value 
analysis.  Excessive  costs  must  be  initially  avoided  at  the 
proposal  phase  to  achieve  value  optimization.  The  approach  is 
direct,  in  that  it  recognizes  the  competitive  environment  in 
which  the  buyer  and  sellers  exist,  and  is  directed  to  the  causes 
involved  in  the  generation  of  excessive  cost  (lac*  of  control) . 
Cost  account ability,  being  established  on  an  item/task  total 
cost  basis,  forces  cost  consciousness  upon  the  design,  fabrica¬ 
tion,  and  procurement  functions  as  a  team,  and  permits  tradeoffs 
to  be  made  with  excessive  cott  areas. 

Although  emphasis  has  been  placed  on  che  Government  partici¬ 
pation  in  establishment  of  cost  goals,  and  upon  a  competitive 
environment,  the  technique  is  equally  applicable  to  situations 
which  do  not  contain  these  elements. 


Tha  value  allocation  review  technique  la  dlractad  to  the 
achlvanant  of; 


a.  Compatibility  with  tha  competitive  environment, 

with  tha  net  affect  of  aharpaning  competition 

while  narrowing  the  field  of  eong>etitors. 

b.  Compatibility  with  standard  f  civity  network  analy¬ 

sis  increases  tha  overall  timel inass  of  achieving 

accurate  cost  performance  estimates, 

e.  The  technique  enhances  contractor  operations  as 

follows: 

(1)  Requires  essentially  no  additional  management 
effort* 

(2)  Permits  self -appraisal  by  potential  bidder. 

(3)  Permits  establishment  of  cost  control  mecAanism 
and  control  levels  for  subsequent  program 
phases. 

(4)  provides  criteria  for  directing  and  selecting 
vendor  products  and  cost  goals. 

(5)  Lessens  the  tendency  towards  redundant  costs 
in  a  proposal. 

d.  The  technique  also  creates  value /cost  awareness,  »s  it 

(1)  Forces?  coat  awareness  and  accountability  on 
da sign/manufacturing  engineer. ing, 

(2)  Forces  tradeoff  among  engineering,  manufactur¬ 
ing,  and  support  ctK-fc  (tradeoff  between  non¬ 
recurring  and  recurring  costs). 
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6 


THE  DECISION  ENVIRONMENT 


6.1  general 

Thia  section  presents  the  fundamental  concepts,  the  working 
definitions  for  the  value  methodology,  and  tho  program  rims 
frame  in  which  value  analysis  nuat  b®  performed.  For  the  pur¬ 
pose  of  this  study,  value  engineering  ie  considered  to  be  that 
discipline  concerned  with  analysis  of  how  ayetem  and  equipment 
are  related,  whereas  system  engineering  ia  directed  to  analysis 
of  the  relationship  between  the  mission  of  the  system.  Thus, 
as  the  systems  effectiveness  analyst  is  related  to  the  system 
engineer,  so  is  the  value  analyst  related  to  the  design  engineer. 
Pictorlally, this  relation eh ip  ie  shown  in  figure  10. 

The  elements  common  between  system  effectiveness  and  system 
value  are  the  ha rd ware/soft wa rn  to  implement  the  system  and  the 
related  support  aspects.  Additionally,  the  interface  of  systems 
effectiveness  and  system  value  revolves  about  the  method  of 
implementing  the  function.  In  general,,  this  will  involve  hard¬ 
ware,  but  may  relate  to  processes,  schedules,  and  the  like- 
anything  concerned  with  program  schedule,  total  expected  coat, 
or  performance. 

5.1.1  definition*  ~  Like  my  other  prediction/measurement  tool, 
value  engTneer*Inc  can  be  predicated  on  an  axiomatic  set  of 
assumptions,  describing  as  realistically  as  possible  the  ground 
rules  of  the  discipline.  Value,  for  the  present  purpose,  is  ap¬ 
propriately  viewed  as  the  utility  of  a  proposed  system  -  equip¬ 
ment  to  the  user,  measured  in  terms  of  monetary  ''alee  of  an  ae~ 
chieved  objective, . {Reference  equation  2,  page  9,  section  2.2.2). 
Whore  the  objective  and  its  value  are  specified  and  fixed,  the 
relative  value  of  an  alternative  system  can  be  described  in  terms 
of  its  capability  for  achievement  of  the  objective.,  ?or  military 
systems*,  this  capability  is  quantifiable  in  term.?-  ox  performance 
toaatsure*  of  the  system's  utility  for  its  anticipated  mission 
pvof  lie. 

The  term  *  objective"  may  ba  considered  synonyraoua  with  the  terra 
"f  Auction5*  4.8  used  in  value  engineering  literature. 

Value  engineering  -analysis  is  a  quantitative  and  systematic 
method,  directed  to  the  achiveraent  of  specified  performance 
objectives  equal  to  or  greater  than  some  pro-assigned  value  at 
leiniaum  resource  expenditure.  The  term  "sysfce®"  is  used  in 
this  report,  ns  an  achievable  objective  specified  i>  terms  of 
performance  parameters,  which  ere  t ranaf crmkble  int ,  hardware , 
ftttd/or  proc<£*ge>«,  end /or  schedules. 
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Figure  10-  Syitcaa  Disciplines 


6.1.2.X  System  value  parameters  -  In  general,  there  are  two 
types  of  system  value  parameters.  These  are  shown  in  table  7. 
The  basic  value  parameters  are: 

a.  Design  value  parameters  ~  These  parameters  eetablish 
the  design  requirements  imposed  on  the  system.  The 
capability  parameter  is  defined  in  terms  of  mission 

„  requirements.  Each  proposed  design,  alternative  may 
be  predicted  with  respect  to  satisfying  the  parameter 
numeric.  Generally  this  would  be  accomplished  using 
modeling  techniques.  Demonstration  testing  may  be 
conducted  to  ensure  satisfaction  of  the  parameter 
numeric,  with  the  exception  of  the  survivability  and 
safety  parameters,  for  which  it  may  not  be  feasible. 

b.  Operational  value  parameters  -  These  parameters  describe 
the  use  value  of  the  system. 

The  design  and  use  value  parameters  constitute  the  total  value 
to  the  Government.  Specific  numerical  description  of  each  design 
and  use  value  parameter  is  to  be  provided  by  the  Government. 

Value  parameters,  as  previously  defined,  satisfy  quantitative 
requirements,  prediction,  and  demonstration  requirements,  and, 
as  importantly,  they  represent  utility  of  the  system  to  the 
Government  in  terms  of  achieving  an  objective (s) . 


6, 1.1.2  System  utilisation  rates  -  The  value  of  the  system  is 
related  to  the  cost  of  the  system  through  utilization  rates 
(See  table  5) .  The  prime  utilization  rate  is  the  operational 
rate,  viz.,  how  much  is  something  mied.  All  other  rates  are 
either  part  of  the  operational  rate  (training  rate)  or  deriv¬ 
atives  of  it  (maintenance  rates) . 


b.1.1.3  Dependent  variables  -  The  system  utilization  rates, 
operating  on  design  and  operation  value  parameters,  combine  to 
determine  both  acquisition  and  support  cost.  Thus,  for  a  well 
defined  system  design  configuration  (design  and  operational 
value  parameters  specified  along  with  hardware  implement  ution) , 
the  total  expected  cost  of  acquisition  and  support  may  be  esti¬ 
mated,  using  the  system  utilization  rates.  The  system  utili¬ 
zation  rates  are  intimately  related  to  hov;  the  system  value 
objective  is  achieved,  namely,  hardware  alternatives.  These 
alternatives  are,  in  turn,  related  to  basic  cost  impute  of 
acquisition  and  support. 
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PfulAH*T£R  DEFINITION 
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6,1.2  Information  Adequacy  -  At  any  point  in  the  system  develop¬ 
ment  cycle,  the  information  upon  which  decisions  are  based  is  in 
the  form  of  estimates.  Greater  detail  and  accuracy  may  be  ob¬ 
tained,  but  only  at  the  expense  of  time  and  cost  and,  perhaps, 
national  safoty.  To  assure  optimality,  information  accuracy 
sufficient  to  ensure  that  one  alternative  is  superior  to  another 
is  all  that  is  required. 

From  the  definition  of  value,  ari  its  relation  to  total  expected 
cost,  it  is  apparent  that  system  value  can  be  predicted  only 
with  the  same  degree  of  accuracy  as  the  basic  value  psrameters. 
Recognizing  that  real  difference  in  total  expected  cost  is  the 
principal  criterion,  information  sufficient  to  ensure  that  one 
alternative  is  superior  to  another  is  also  sufficient  to  assure 
that  the  minimum  cost  goal  can  be  achieved.  This  particular 
feature  is  singularly  significant ,  in  that,  as  the  hardware  con¬ 
figuration  becomes  more  defined,  variations  in  cost  estimations 
for  acquisition  and  support  decrease,.  Further,  for  the  purposes 
of  comparing  alternatives,  the  points  of  differences  between 
alternatives  may  be  singled  out  and,  if.  necessary,  greater 
detax.  1  information  acquired. 

In  general,  acquisition  costs  are  best  provided  by  the  con¬ 
tractor,  since  this  is  the  source  of  alternatives  and  basic 
cost  inputs.  In  order  to  project  operation  and  support  cost  as 
a  function  of  design  alternatives,  the  USAF  must  be  the  source 
of  operational  parameters  and  specified  cost  constants.  The 
system  utilization  rates  will  be  a  j jint  responsibility.  The 
utilization  rates  are  a  primary  target  for  sensitivity  analysis. 

The  prospective  contractor  must  compare  alternatives  and  per¬ 
form  tradeoffs  to  assure  proposing  the  least  cost  configuration 
meeting  value  requirements  from  the  alternatives  available  to 
him.  Evaluation  of  each  proposed  configuration  in  comparison 
with  those  of  different  prospective  contractors  is  feasible 
only  by  the  Government. 

It  is  necessary  from  both  the  viewpoints  of  Government  and  :.he 
contractor  that  a  common  method  of  analysis  be  used  for  com¬ 
parison  of  alternatives  by  the  contractor  and  by  the  Govern¬ 
ment,  This  is  encouraged  by  the  Government  in  advising  that 
proposal*  will  be  evaluated  by  the  technique  described  m  this 
report,  and  recommending  that  prospective  conti.aet.ors  use  the 
same  method  to  evaluate  their  alternatives.  Further  encourage¬ 
ment  la  provided  with  the  requirement  that  the  contractor  pro¬ 
vide  value  and  cost  data  in  format  required  by  the  Government 
for  comparison  purposes.  The  prospective  contractor  will  be 


required  to  provide  estimated  acquisition  costs  and  support 
parameter  values,  to  serve  as  bases  for  support,  cost  difference 
between  alternatives  of  different  contractors.  The  resulting 
contract  will  incorporate  as  requirements  those  cost  and 
performance  parameters  upon  which  the  decision  was  based. 


6,1.3  Value  Analysis  in  the  Continuous  Time  Domain  -  The  basic 
requirements  of  the  mathematical  model  or  analysis  technique 
are  that  it  be  capable  of  application  in  the  time  frame  in  which 
the  problem  exists  and,  additionally,  that  it  be  capable  of 
utilizing  information  of  limited  accuracy.  The  refinement 
(closeness  of  fit)  of  the  model  should  be  predicated  upon  exact¬ 
ness  of  the  information  processed. 

Throughout  the  conceptual  phases  of  system  development,  decisions 
ar  made  sequentially  with  increasingly  more  accurate  estimates 
o  system  performance  and  cost.  In  spite  of  the  relatively 
inaccurate  information  available  in  the  earlier  stages,  decisions 
still  must  be  made  concerning  alternatives,  and  to  ensure  that 
the  proper  alternative  is  selected,  the  methodology  of  process¬ 
ing  available  information  must  permit  finding  quantitative 
differences  between  alternatives. 

Figure  11(a)  depicts  the  broad  cauae-and-ef feet  relationships 
that  in  actual  practice  develop  into  a  chain  of  events  that 
terminates  in  a  deployed  and  operational  system.  The  important 
features  are: 

a.  its  time  progresses,  the  alternatives  available  for 
subsequent  phases  become  increasingly  constrained. 

b.  'Changes  in  concept  at  any  phase  can  be  reflected  in 
terms  of  resource  cost  in  subsequent  phases. 

c.  Input  (requirements)  at  any  phase  may  be  categorically 
related  to  previous  decisions,  or  shown  to  be  relatively 
independent. 

Figure  11(b)  depicts  the  same  phases  with  feedback  provision. 

This  feedback  is  simulated  in  that  alternatives  at  any  phase 
are  extrapolated  into  the  terminal  phases  of  the  system  life 
cycle.  The  value  advantages  afforded  by  simulated  feedback 
are: 

a.  It  minimises  constraining  requirements  on  subsequent 
phases  without  tested,  long-range  effects. 


igure  11.  System  Development 


b„  It  psumts  relative  evaluation  of  alternatives 

c.  It  permits  sensitivity  analysis  to  be  perforated.  This 

type  of  analysis  takes  the  following  forms  j 

1.  determination  of  importance  to  non-importance  of  a 
decision. 

2.  Determination  of  effect,  if  a  change  is  necessitated 
in  a  subsequent  phase  of  life  cycle. 

3.  Pointup  of  areas  of  high  cost  sensitivity. 

Figure  U  provides  a  detailed  picture  of  the  system  program 
phasing.  Opportunity  for  change  exists  at  every  phase  and  at 
every  level  of  system  development. 

Many  alternatives  vill  involve  relatively  simple  decisions, 
whereas  others  may  be  more  complex.  The  simpler  evaluations 
will  genarally  involve  only  acquisition  cost,  there  being  no 
essential  difference  in  value  parameters,  or  alternately,  only 
difference  in  sxipport  cost.  Another  aspect  which  characterize;: 
these  simpler  evaluations  will  be  the  independence  of  subsequent 
decisions  involving  the  system.  However,  in  general,  particularly 
of  the  more  important  decisions,  the  sequential  aspect  of  the 
decisions  will  predominate.  The  question  quite  naturally  arises 
of  the  feasibility  of  being  able  to  completely  define  a  partic¬ 
ular  configuration  during  a  preceding  system  conceptual  phase. 

The  practical  aspects  of  this  question  are  available  time,  cost, 
and  information  adequacy.  It  should  be  recognized  that  as  the 
hardware  becomes  more  defined,  decisions  involving  changes  or 
modifications  become  relatively  less  important  than  the  decisions 
made  at  ©  previous  stage.  Further,  only  sufficient  information 
is  required  to  ensure  that  t'na  best  of  the  feasible  alternatives 
are  selected,  thus,  information  is  required  only  sufficient  to 
ensure  dominance  of  one  alternative  over  another. 


6.1.4  Method  of  Application  -  It  is  important  to  recognise 
thtst  equat {on*”ire  not  likely  to  be  developed  which  extrapolate 
design  value  parameters  in  conjunction  with  operational  valu<s 
pertaatara  into  exact  support  costa.  However,  from  the  view¬ 
point  of  value  analysis,  it  is  not  necessary  to  have  such  com¬ 
prehensive  equations.  What  is  necessary  is  the  ability  to 
evaluate  alternative#  via  cost/performance  differences. 
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The  cost  methodology  aspect  of  value  analysis  Is  of  primary 
significance,  since  any  required  sophistication  and/or  infor¬ 
mation  and  documentation  nay  off sat  advantages  offered  by  the 
technique. 

The  primary  advantage  of  the  proposed  approach  is  that  it  per¬ 
mits  individual  contractors  to  use  their  own  cost  accounting 
systems.  The  only  requirement  is  the  ability  to  differentiate 
between  alternatives  as  measured  by  acquisition  and  support  cost. 

6.2  V«lu«  and  Cost  Analysis 

The  method  of  analysis  is  based  on  the  sequential  decision 
processes,  characterised  by  a  logical  sequence  of  events.  The 
events  are  of  threw  types? 

a.  Feasible  alternatives. 

b.  Chance  events. 

c.  Program  schedule. 

The  approach  is  commonly  treated  in  literature  as  a  decision 

tree. 

Thin  sequential  decision  approach  is  analogous  to  dynamic 
programming,  in  that  alternatives  which  possess  h:th  contin¬ 
gency  events  and  aubalt*»matives  are  evaluated,  using  a 
backward  evaluation  process.  This  feature  permits  signifi¬ 
cant  computational  reduction,  which  otherwise  could  render 
the  technique  infeasible. 

Each  sequence  in  the  decision  tree  may  be  considered  a  strategy. 
Associated  with  each  strategy  is  a  resource  cost.  The  optimum 
resource  cost  is  found  by  successively  evaluating  each  alterna¬ 
tive  in  the  backward  senre.  At  each  caramon  branch  point, 
rolling  backward,  the  most  costly  alternative  is  eliminated. 

6.2.1  The  Dec la ion  Tree  -  The  technique  to  be  employed  is 
most  easily  grasped  using  the  decision  tree  diagram.  This  is 
shown  in  figure  13.  The  circled  (o)  entries  '-epresent  feasible 
alternatives  and  the  boxed  i~~  }  entries  represent  chance 

events.  Associated  with  each  chance  event  is  an  estimated 
probability  of  occurrence  Regardless  of  the  speci¬ 

fic  sequence  chosen,  each  sequence  raaults  in  a  terminal  event 
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(T,  which,  in  this  case,  represents  a  complete  definition 

of  a  proposed  configuration  of  the  system,  complete  with  the 
cost  (c)  of  the  alternative.  The  sequential  decision  tree  may 
be  considered  the  sequence  of  increasing  definition  of  the  sys¬ 
tem  design,  the  branches  representing  alternate  approaches  at 
successively  greater  levels  of  system  definition. 

6.2.2  Evaluation  of  Alternates  -  The  first  step  in  the  evaluation 
process  is  the  establishment  of  feasibility.  Specifically,  two 
types  of  constraints  must  be  met,,  These  are,  from  the  value  func¬ 
tion  of  paragraph  2.2.5: 

a*  *,<*0 

t{  =  time  required  to  implement  the  strategy. 

t  =  allowable  time  limit, 
b ,  E  <  E0 

E  =  value  of  effectiveness  function. 

E0=  minimum  required  value  of  effectiveness  function. 

Here  (tt )  may  be  established  using  an  activity  network  techni¬ 
que  and  (E)  is  established  using  either  the  standard  prediction 
techniques  (reliability,  maintainability,  etc.)  or  a  prediction 
model  specifically  developed  for  the  specific  system  parameter. 

The  second  step  in  the  process  (having  eliminated  those  alterna¬ 
tives  which  do  not  satisfy  either  or  both  constraints  above)  is 
the  estimation  of  the  total  resource  cost.  This  may  be  accom¬ 
plished  vising  the  individual  contractor  cost  accounting  or  ac¬ 
tivity  network  techniques.  Starting  from  the  terminal  points 
in  figure  j.3,  the  more  costly  alternatives  are  eliminated.  Note 
that  an  alternative  is  costed  from  the  terminal  point  to  the 
highest  level  of  assembly  (to  A0 ,  if  necessary)  at  which  the 
decision  has  a  significant  cost  inplication.  This  procedure  is 
reiterated  until  only  one  alternative  remains.  The  degree  of 
accuracy  involved  in  the  costing  analysis  should  be  guided, 
as  necessary  ,  to  demonstrate  that  one  alternative  is  superior 
to  the  other. 

As  an  example  (Figure  13),  consider  alternatives  Aaa:  ax:d  *vaa  * 
defined  as  the  decision  to  repair  or  discard  at  the  module 
level  of  assembly  in  the  event  o£  failure.  No  design  implica¬ 
tions  are  involved  in  the  decision.  The  cost  difference  is  in 
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costs  for  isparoo,  personnel,  etc.,  for  repair  or  replacement 
of  Modeled.  In  this  example,  no  additional  cost  difference 
is  reflects  into  the  higher  assembly  level  or  higher, 

and  therefore  only  the  coat  difference  at  module  level  need 
be  considered  for  the  decision.  Other  alternatives  may  require 
consideration  of  cost  differences  at  multiple  levels  of  assem¬ 
bly. 

6.2.3  Concept  of  Cost  Analysis,  Inputod  Cost,  and  Risk  Cost 
Analysis"  -  Ml  value" "analysis  p roh)  .  eme " are  ultimately  reducTbl e 
to  the  following  simple  balancing  problem: 

Let  {ct)  designate  the  cost  of  analysis, 

(c^ }  designate  the  cost  to  implement  the  recommended  al  - 
teroafcives,  and 

(c  )  designate  the  anticipated  total  expected  cost  differ¬ 
ential'. 

The,  (c#+ct<«  ),  if  value  analysis  is  to  be  a  paying  proposition. 

Imputed  coat.  -  Let  (p)  designate  the  probability  that  the  sys¬ 
tem  will  perform,  as  designed,  over  the  expected  life  of  the 
system. 

Let  (Ap)  designate  an  incremental  increase  in  the  performance 
of  the  system  3a  a  result  of  acceptance  ot  a  design/support 
alternative,  and  let  (Ac)  designate  rhe  incremental  cost  of 
implementing  the  design /support  alternative. 

The  expected  return  from  tha  investment  of  the  resource  cost  (c) 
must  be  at  least 

vAp^Ac  or  (60) 


where  (v)  nov  i*  the  imputed  resource  cost  saved  if  the  altr*rna- 
is  accepted  (incorporated) . 

Riak  -  The  concept  ox  risk  is  always  associated  with  a  program 
In  sons  form.  These  risks  will  usually  fall  into  the  following 
categories! 


Scheduled  Completion 
Technical  Feasibility 
Budget 


(Tine) 

Performance) 

(Ccat) 


Unfortunately,  a  problem  in  one  area  tends  to  create  excesses 
in  another. 

Whore  uncertainty  is  involved  in  a  particular  strategy,  the 
following  approach  is  suggested: 

a.  Assume  that  a  particular  course  of  action  will  be 
taken  and  evaluate  it  in  relation  to  alternatives. 

b.  If  the  return  in  cost  savings  for  the  risk  alternative 
exceeds  other  alternatives,  the  following  cases  arise: 

(1)  The  expected  savings  using  the  cost  risk  strategy 
should  at  least  offset  the  addition  of  expected  cost  expendi¬ 
ture  if  the  risk  strategy  fails. 

(2)  Additionally,  further  investment  may  be  made  to 
gain  adequate  information  and  reduce  or  eliminate  the  risk. 

Perhaps  the  best  means  of  coping  with  this  aspect  of  a  program 
is  an  activity  network  vhich  lays  the  program  out  with  respect 
to  time  sequencing  and  cost.  This  appr«>ach  also  permits  analysis 
of  the  effects  of  potential  errors. 

The  question  of  technical  feasibility  am  be  handled  similarly: 

Let  (p'  designate  the  probability  that  a  specific  element  in  the 
technical  approach  (alternative  1)  is  feasible,  and 

Let  (q)  designate  the  probability  that  an  acceptable  but  less 
desirable  approach  (alternative  2)  is  necessary. 

The  probability  that  the  second  ?ppro*ch  will  be  required  is 


Let  *  *  coat  of  implementing  alternative  1,  if  feasible, 

fcj3  Cost  of  determining  feasibility  of  alternative  1,  and 
a «  cost  of  implement ing  alternative  2. 
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The  total  expected  cost  becomes: 

TEOa^ib,  -mi,  (l~p) .  (62) 

The  break-even  point  is  established  by  setting  TEOO. 

Thin  ri#k  analysis  may  be  subjected  to  schedule  timeliness  analy¬ 
sis  using  an  extended  concept  of  an  activity  network ,  as  shown 
in  the  following  diagram: 


where  (ei )  designates  an  event,  and  (tjj)  designates  time  from 
®t  to  e5 . 

The  expected  time  schedule  is  given  by 

T“tia+Pit83+<l“P)ta**  (61) 

Thus,  this  sub-network  may  be  readily  incorporated  in  a  major 
program  activity  network. 

The  concept  of  total  expected  cost  hat'  broad  implication  and 
is  an  effective  medium,  when  properly  exercised.  Numerous 
enigmatic  problems,  in  principle  at  least,  become  readily  re¬ 
solved. 

Given  two  alternatives,  (a)  and  (b) ,  suppose  alternative  (b)  is 
ir.  a  position  to  utilize  certain  equipment,  facilities,  etc., 
which  already  exist.  Suppose  also,  that  ware  it  not  for  these 
seeming  advantages,  alternative  (a)  would  be  superior.  The 
question  now  ’•.rises  ' t  to  whether  alternative  (b)  should  be 
charged  the  coat  initially  incurred  (or  existing  worth)  of  the, 
presently  unutilized  or  underutilised  equipment,  facilities,  etc. 
Two  school a  of  thought  exist  on  this  question: 
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a.  Charge*  should  be  invoked  on  alternative  (b)  because, 
subsequently,  a  demand  for  the  presently  unused/ 
underutilized  facilities  may  be  made,  %A*.ich  will  force 
a  new  acquisition. 

b.  Charges  should  net  be  invoked  because  the  investment 
has  already  been  made,  and  the  facilities,  etc.,  are 
unused. 

In  the  limiting  fora,  both  positions  above  are  valid  where  cer¬ 
tainty  is  involved,  namely,  it  will  be  deutaru.ed  ini  the  future  or 
it  will  not  be  demanded  in  the  future.  What  is  clearly  re¬ 
quired  is  a  look  at  the  expected  cost,  which  includes  expecced 
future  use  of  the  available  facilities,  and  the  like.  Accord¬ 
ingly,  estimate  the  likelihood  of  the  facilities  being  otherwise 
in  demand,  and,  in  fact,  cost-analyze  the  alternatives.  I/agxcally, 
this  is  structured  as  follows: 

Let  =  Cost  of  alternative  (a). 

—  Cost  of  alternative  (b) ,  if  unused  facilities, 

°  etc.,  are  not  charged. 

Ac„~  incurred  incremental  cost  of  alternative  (i>)  , 
if  facilities  are  used  and  a  subsequent,  de¬ 
mand  is  made. 

p  =  probability  that  a  demand  will  be  made  for. 
unusea  facilities,  etc. 


The  expected  cout  of  alternative  (b)  becomes 


E(ct)=c  ks+P-uc  # 

(64) 

and 

Ac  -E(c  ). 

c  «  l  h 

(65) 

Incremental  analysis  (differences  in  cost  between  alternatives) 
can  result  in  poor  decision  making,  if  the  concept  of  differences 
in  total  expected  cost  is  violated.  Examples  of  thia  abound, 
«.c,,  change  of  outside  purchase  services  to  in-house  services, 
based  on  no  immediate  additional  requirements  in  fixed  costs, 
However,  when  expansion  is  required,  the  previous  decision 
proves  to  ba  a  poor  choice.  This  comes  about  due  to  inadequate 
planning. 

What  is  required  to  ens  ?r@  proper  decision  making  is  projection 
uf  the  feasible  .tltematives ,  i.e..  the  decision  tree  approach, 
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adequately  treating  expected  events  and  predication  of  the 
analysis  on  the  sought-after  objective  (total  expected  cost, 
total  expected  profit,  etc).  It  is  standard  practice  in 
industry  to  develop  (plan)  marketing,  markets,  on  a  monthly,  ' 
quarterly,  and  annual  basis.  Generally,  five-year  plans  are  ' 
developed  on  an  annual  basis.  This  is  done  to  provide  adequate 
ehort-and-lona-range  planning  information,  to  permit  analysis 
in  terms  of  differences  in  total  expected  profits. 

The  cost  method  used  herein  for  general  analysis  avoids  con¬ 
sideration  of  interest.  This  position  has  been  taken  for 
the  following  reasons: 

a.  Interest  is  charged  on  all  commodities  an  the  same 
rate.  Thus,  individual  commodity  interest  need  not 
be  computed. 

b.  The  minimum  cost  point  is  unaffected  by  the  applica¬ 
tion  of  interest  costa. 

c„  The  method  of  the  analysis  is  restricted  to  estab¬ 
lishment  of  total  expected  variable  cost,  and  the 
goal  is  the  establishment  of  the  best  support  and 
acquisition  policy. 


The  interim  *-  paid  on  the  funds  is  not  related  to  how  the  funds 
are  spent.  The  value  of  the  funds,  as  measured  by  an  alter¬ 
nate  means  of  investment,  e.g.,  reduction  of  national  debt, 
has  already  been  established  by  the  requirement  for  a  system 
having  specified  performance  requirements. 

The  coat  analysis  method  developed  does  not  use  proration  ao  a 
device  to  assign  costs,  but,  instead,  is  predicated  on  demon¬ 
strable  difference  in  cost  as  a  result  of  choosing  a  design/ 
support  alternative. 

The  Fedar^l  Budget  is  largely  paid  eff  each  year  by  means  of 
taxes,  therefore,  not  mere  than  one  year's  interest  should  be 
chargeable  to  system  costs.  Because  of  the  means  of  acquisi¬ 
tion  of  the  funds,  no  difference  in  interest  period  should  be 
chargeable  to  capital  outlay,  or  operation  and  maintenance 
costs.  Thus,  if  the  alternative  selection  criteria  included 
application  of  Ilfs  cycle  interest  {or  anything  near  it)  to 
capital  outlay,  greater  future  federal  budgets  would  be  re¬ 
quired.  The  criteria  would  tend  to  select  systems  with  lower 
acquisition  costs  and  higher  ope  rat  ion/ssa  in  ten  ance  costa, 
whi.h,  because  of  the  annual  nature  of  money  acquisition,  would 
require  larger  total  expenditures . 
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7.  TECHNIQUE  VALIDITY,  ACCURACY,  AND  SOURCES  OF  ERROR, 

Technique  Structure:  The  technique  structure  rests  on  coot  diff¬ 
erences  as  oppoaed'to  prediction  of  total  cost.  It  is  desired 
that  the  technique  deal  with  quantifiable  variables  and  demon¬ 
strate  differences  in  approaches  (alternatives). 

This  method  of  cost  analysis  obviates  certain  subtleties  vdiich 
would  otherwise  be  encountered  if  total  expected  costa  were 
used  rather  than  total  expected  cost  differences; 

a.  Accounting  for  shared  utilities,  facilities,  personnel, 
etc*,,  wherever  the  difference  may  arise 

b.  Specifically,  it  mcy  be  impractical  to  determine  the 
total  expected  'out  implication  of  a  design  alterna¬ 
tive. 

c.  Since  otxy  those  cost  factors  are  analyzed  which 
possess  differences  between  alternatives,  sufficient 
attention  can  be  applied  to  the  significant  factors 
to  minimize  the  effect  of  error  upon  a  decision. 

Important  to  this  concept  is  the  fact  that  tha  coat  charged  to 
the  Government  for  an  item  is  its  real  cost.  The  fundamental 
concern  relative  to  the  technique  structure  is  whether  it  permits 
evaluation  of  alternatives  which  possess  differences  in  cost  to 
the  government.  The  validation  of  these  characteristics  of  the 
technique  structure  does  not  rest  on  the  ability  to  predict  cost, 
but  on  ability  to  predict  cost  differences  with  sufficient  accur¬ 
acy  to  permit  dec is ion -making.  Consider  the  following: 

Vendor  A  quotes  x  dollars  to  a  contractor  for  an  item.  Ver.lor  B 
quotes  y  to  the  contractor  (y<x) .  The  contractor  is  unconcerned 
with  the  internal  processes  ;diich  generate  the  costa  x  and  y. 

If  the  item  is  to  be  incorporated  as  a  part  of  an  end  product, 
this  difference  in  cost  may  be  passed  on  to  the  Government  by  the 
contractor.  A  real  case  in  coin!  is  the  TFX  decision,  which  v/aa 
ba*6d  on  the  cost  difference*  implied  through  commonality  of  de¬ 
sign.  It  is  to  be  noted  *.'hat  the  manufacturers' cost  proposals 
were  on  a  CPFF  basis,  ar  could  be  expected  to  have  considerable 
potential  for  variance,  out  the  cost  difference  implied  by  the 
designs  was  valid. 

For  a  technique,  procedure,  or  mathematical  model  to  be  uceful,  it 
must  provide  acceptable  levels  of  validity,  reliability,  rv»d 


economy  in  application. 

The  technique  developed  in  the  previous  sections  has  two  aspects 
of  validity?  these  are  described  by  the  following  questions: 

a.  Does  the  technique  permit  varid  cost/performance 
decisions? 

b.  Does  the  technique  permit  valid  decision  making  without 
making  detailed  cost  comparison  between  predicted  and 
incurred  cost. 

The  major  objective  of  the  technique  3®  ecct  avoid In  the 
contract  *-htae,  funds  wiu.1  have  b^en  committed  and  the  key  to 
coot  aveidsncs  ’/ill  be  through  modifications  of  initially  pro¬ 
posed  hardware/softwarc/cperat ions/support  designs.  To  ensure 
cost  avoidance,  it  is  mandatory  that  incentives  exist  for  con¬ 
tractors  to  make  modif ications  in  the  initially  proposed  design. 

The  proposed  value  methodology  permits  individual  contractors  to 
submit  proposals  based  on  least  total  expected  cost,  and  pro¬ 
vides  the  U.  S.  Air  Force  a  means  of  evaluating  the  individual 
contractor  proposals  relative  to  each  other  and  thus,  of  estab¬ 
lishing  a  least  total  expected  cost  decision. 

The  validity  of  this  approach  rests  on  two  assumptions: 

a.  The  winning  contractor  is  committed  to  deliver  the  end 
product  consistent  with  contractual  constraints. 

b.  The  Government  evaluation  is  performed  using  the  pro¬ 
posed  methodology,  and  the  contract  is  monitored  on 
the  basis  recommended. 

For  contractor  cost,  the  model  possesses  prima  facie  validity  in 
that  decisions  are  based  directly  on  known  or  estimated  cost 
differences  existing  at  the  time  of  the  decision.  The  validity  of 
the  technique  depends  upon  only  the  thoroughness  of  analysis  of 
the  technique  users.  This  amounts  to  seeking  out  significant 
differences  betweer  alternatives  which  can  affect,  a  decision. 

The  position  taken  in  this  report  is  that  detail  cost  accuracy  can 
be  obtained,  but  at  the  expense  of  program  time  and  funds  to  sus¬ 
tain  the  cost  investigation  in  greater  detail. 
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More  importantly,  it  is  stressed  that  cost  comparisons  of  alter¬ 
natives  should  be  evaluated  only  to  the  point  that  a  condition 
of  dominance  of  one  alternative  over  the  other  is  established, 
this  is  patently  important  to  achieve  economy  of  application 
in  both  timeliness  and  funds  expended. 

Cost  predictability  "alls  into  two  general  categories.  Some 
costs  can  be  estimated  directly,  and  the  estimates  control  actual 
spending.  In  these  cases,  the  predictions  become  self-fulfilling. 

The  acceptance  of  a  proposed  alternative  from  the  design  team  by 
the  fabrication  and  procurement  personnel  actually  constitutes 
the  validity  of  the  cost  estimation  procedure.  The  process  in¬ 
volved  can  be  considered  much  the  same  as  buying  on  the  open  mar¬ 
ket. 

The  manufacturing  people  are  charged  with  the  responsibility  of 
producing  hardware  at  a  specified  budget  which  is  established 
on  a  basis  of  what  is  to  be  dene.  If  a  proposed  hardware  alter¬ 
native  is  postulated  by  design  and  procurement  is  to  be  implemen- 
tabl®  at  a  specified  cost,  this  must  be  demonstrated  to  manufac¬ 
turing,  or  manufacturing  will  not  assume  the  financial  responsibility. 
Manufacturing  cost  now  becomes  largely  self-fulfilling.  Similary, 
procurement  ia  part  of  the  check  and  balance  which  ensures 
validity  of  cost  estimates  by  obtaining  cost  data/quo tee  from 
vendors  to  ensure  that  material  costs  are  compatible  with  design 
and  r.ui.ufacturing  estimates.  Other  costs  must  be  estimated, 
using  cost  projection  techniques.  These  latter  cost*  are  sub¬ 
ject  to  error  because: 

a.  Many  costs  are  of  a  recurring  nature,  and  significant 
changes  in  commodity  price  come  about  with  the  passage 
of  time. 

b.  The  method  of  incurring  cost  in  the  support  and/or 
operational  phase  may  not,  in  fact,  agree  with  the 
supposed  method  using  cosc  projection  equations. 

c.  The  rate  of  obsolescence  <.  :  an  item  may  be  influenced 
by  state -of -art  improvement ;  alto  different  deploy¬ 
ment  schemes  may  develop,  vhich  will  affect  the  opera¬ 
tional  posture  and  support  structure. 

For  the  case  of  the  recurring  support  cost  prediction,  the  pro¬ 
blem  must  be  squarely  faced;  a  value/cost  decision  be  made, 

and  selection  of  the  best  value/cost  alternative  ia  da sired.  In 
general,  analysis  via  dominance  will  usually  be  required.,  and  this 
condition  is  best  tested  by  analysis  of  error  sources  relevant 
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to  the  particular  alternatives  being  evaluated. 

For  particular  decisions,  specific  detailed  cost  models  may  be 
required  (as  an  example,  see  appendix  VII) ,  but  this  feature  will 
not  invalidate  the  general  methodology.  Where  the  expected  cost 
error  exceeds  the  difference  between  alternatives,  more  refined 
estimates  may  be  required,  depending  upon  the  importance  of  the 
decision. 

General  sources  of  error  are  developed  and  examined  in  the 
sections  v&ich  follow.  There  are  two  major  characteristics  of  the 
proposed  difference  analysis  vrt^ch  provide  an  intuitive  valida¬ 
tion  of  this  approach.  These  arej 

a.  Where  errors  are  involved  in  the  operational  factors, 

the  errors  will  generally  be  in  the  same  direction 
for  the  alternatives  being  evaluated,  e.g. .  failure 
rate,  expected  lifetime. 

b.  The  aggregate  error  within  an  alternative  will  be  less 

than  the  absolute  sum  of  errors  because  errors  will 
tend  to  cancel. 

Specific  Error  Sources. 

Appendices  III  and  VI  on  manning  snd  sparing,  respectively,  have 
self-contained  descriptions  of  error  sources  of  major  influence. 

The  amount  of  error  introduced  into  the  cost  analysis  from  the 
various  inputs  will  depend  generally  upon  the  characteristics 
of  the  specific  system  under  analysis.  In  general,  the  relative 
error  output  of  the  cost  model  will  be  less  than  the  relative 
error  input.  As  the  worst,  the  cost  error  will  be  linearly  re¬ 
lated  to  the  error  input,  and  this  will  occur  when  there  is 
small  variation  in  the  system  demand  rates. 

Hanning  Analysis. 

Manning  Cost  Lrror  Sources  -  The  major  sources  of  error  in  manning 
will  be  due  to  errors  in  failure  and  maintenance  rates.  Whex-e 
self-sufficiency  dictates  a  manning  relatively  independent  of  work 
load,  this  source  of  error  becomes  negligible.  Where  a  signifi¬ 
cant  amount  of  work  is  performed  at  a  location,  a  sensitivity 
analysis  may  be  performed  to  establish  potential  cost  error.  Re¬ 
finement  in  predictions  may  be  wade,  if  significant  differences 
are  found. 
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Secondary  manning  errors  will  fall  into  five  categories: 

1.  Personnel  turnover  rates. 

2.  Pay  schedules. 

3.  Skill  level  assignments. 

4.  Skill  packaging. 

5.  Assumed  independence  of  subsystems  contributing  unreadi¬ 

ness. 

Turnover  rates  (see  appendix  III)  dictate  pipeline  personnel  re¬ 
quirements.  These  rates  will  be  a  function  of  the  organization 
type.  To  acme  extent ,  these  rates  are  controllable  (through  ra- 
enlistment  bonus,  etc.) . 

Pay  scnedules  are  relatively  stable  and  will  constitute  only 
nunor  differences.  Skill  level  assignment  can  be  a  major  source 
of  error  from  twe  aspects:  underestimating  skill  requirements 
has  the  effect  of  increasing  service  time,  vriiich  reflects  in  un¬ 
readiness.  Overestimating  skill  requirements  has  its  main  effect 
in  requiring  additional  pipeline  personnel.  See  appendix  III, 

Skill  packaging  constitutes  assignment  of  work  responsibility  to 
particular  skill  types  and  levels.  This  is  generally  accomplished 
by  skill  assignments  based  on  equipment  or  subsystem  type.  In 
general,  if  reasonable  primary  workloads  are  maintained  this  will 
not  constitute  e  major  source  of  error. 

Independent  unreadiness  contributions  are  assumed  from  different 
subsytams.  Methods  exist  fex  condensation  where  the  independence 
assumption  does  not  hold  (nee  1MR1-TDR-64-21,  appendices  III,  IV, and 
V. ) .  The  error  would  be  to  overestimate  unreadiness.  In  general, 
this  would  not  have  significant  effect  upon  selection  between  al¬ 
ternatives. 

Depot  Labor  Costs 

For  the  depot,  the  :  csbor  cost  prediction  error  varies  linearly 
with  failure  rate  or  repair  time  error.  The  basic  cost  rates  per 
labor  hour  can  genorally  be  obtained  directly  from  the  candidate 
depot  work  source.  Labor  ratss  will  be  a  function  of  time  over 
the  expected  lifetime  of  the  system.  The  variation  of  labor  rate 
with  time  tends  to  increase  the  labor  rete,  but  this  effect  tends 
to  be  compensated  by  other  rising  costs.  This  should  not  be  a 
significant  source  of  error. 
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Cost  Constants  -  These  constants,  it  i«  anticipated,  will  be  up¬ 
dated  with  time,  as  required. 

These  constants  are  based  on  a  large  simple  and  proration  of  over¬ 
head  costs.  Error  in  these  constants  will  not  cause  significant 
couc  andlyain  errors  for  the  following  reasons: 

■* .  Expected  error  values  are  small. 

2.  Errors  tend  to  the  same  direction  for  all  alternatives. 

3.  The  contribution  of  constant  factors  to  alternative  cost 
difference  is  small. 

There  are  several  basic  parameters  upon  which  the  proposed  techni¬ 
que  is  heavily  dependent.  These  are; 

a.  Expected  lifetime  of  the  end  item(s'  being  acquired  and 
supported. 

b.  Demand  for  service  per  unit  time, 

c.  Service  time  per  demand. 

d.  Permissible  unreadiness  of  end  item  supported. 

The  expected  system  life  is  one  of  the  more  important  parameters 
in  the  coat  analysis.  The  influence  of  this  parameter  manifests 
itself  particularly  in: 

a.  Cost  of  operating/hiaintenance  personnel, 

b.  Cost  of  spares  (consumables) ,  aid 

c.  Cost  of  facilities  and  utilities 

Considering  two  alternatives,  there  is  natural  reluctance  to 
select  the  alternative  offering  least  cost,  if:  this  cost  is  ac¬ 
hieved  by  educing  support  coat.  This  is  due  to  the  uncertainty 
associated  with  the  expected  deployment  life.  This  reluctance 
comes  about  as  a  result  of: 

Trading  u  reasonably  firm  cost  (negotiated  between 
buyer  aud  seller)  against  an  expected  cost  of  lasser 
certainty. 
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b.  A  natural  tendency  to  suboptimize,  that  is,  where 

the  seller  does  not  have  the  responsibility  of  opera¬ 
tion  and  support  and  concomitant  cost,  he  directs  him¬ 
self  to  producing  items  at  minimum  price  consistent  with 
performance  requirements  and  profit  and  risk  picture. 

This  reluctance  holds  true  for  the  buyer  when  his  res¬ 
ponsibility  extends  only  to  acquisition  cost. 

Although  the  present  deployment  planning  anticipates  systems  with 
lifetime  expectancies  of  10  years,  some  systems  may  become  quickly 
outdated,  whereas  others  may  extend  considerably  beyond  a  10-year 
life  cycle.  A  decision  must  be  made  between  alternatives  at  a 
point  when  support  costs  are  somewhat  uncertain.  Even  in  view  of 
this  uncertainty,  vhe  decision  providing  least  total  expected  cost 
is  baaed  upon  both  acquisition  <ajul  support  costs  over  the  expected 
system  life. 

Reliability  estimation  techniques  and  maintainability  techniques 
have  reached  a  state-of-art  which  permits  relatively  accurate  es¬ 
timates  to  be  made  of  demands  for  service  anJ  service  time. 

Other  service  times  become  important  where  remote  repair  is  req- 
quired.  These  times  affect  repairable  items.  Error  in  repairable 
spares  coot  may  derive  from  the  following  sources: 

(1)  Depot  Turnaround  Time 

Between  systems,  the  average  time  may  vary  significantly. 
This  time  is  a  major  determinant  of  spares  where  depot 
repair  is  used  and,  to  extent,  controllable  through 

the  high  value  item  concept.  Note  that  the  repair  time 
at  depot  is  not  usually  significant,  except  in  determin¬ 
ing  depot  labor  costs. 

(2)  Field  and  Organization  Repair  Time 

For  both  field  and  organization,  there  are  tradeoffs  be- 
between  personnel  and  apares  in  meeting  operational  re¬ 
quirements.  If  a  cost  error  exist®,  it  will  arise  from 
error  in  prediction  of  r _ pair  and  failure  rates. 

For  high  usage  spares,  the  error  associated  with  consum¬ 
able  spares  cost  over  the  life  of  the  equip'.rent  wi!P  not 
ba  significant,  as  the  purchased  quantify  can  be  adjusted 
to  meet  experienced  demand. 


For  low  usage  spares,  the  initial  purchase  may  be  signi¬ 
ficant.^  more  than  the  expected  demand  over  the  lifetime 
of  the  equipment  (see  appendix  VI), 

In  this  regard,  item  cost  is  intimately  bcund  up  iu  j.  re¬ 
duction  quantity  If  more  than  one  production  run  is 
necessary,  the  cost  associated  with  the  item  based  on  the 
first  production  run  will  generally  provide  an  over 
estimate  of  the  item  cost. 

Cost  Sources  Hot  Anticipated  to  Influence  Decision  -  The  following 
cost  sources  are  not  anticipated  to  be  significant. 

a.  Manuals. 

The  cost  of  manuals  will  remain  relatively  unaffected  be¬ 
tween  alternatives. 

K  Facilities  and  utilities. 

These  costs  may  be  important  in  determining  whether  or 
where  to  repair  a  higher  level  of  assembly,  -*iver  that 
existing  facilities  will  not  suffice.  The  cost  uxf Ser¬ 
enes  for  facilities  and  utilities  for  module  repair,  given 
assembly  repair,  will  generally  not  be  significant  between 
alternatives . 
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8.  SUMMARY 


The  major  effort  in  this  report  has  been  to  present  a  concept 
of  value  and  a  means  to  ite  quantification  in  as  comprehensible 
a  mcni.er  is  possible,  with  the  aim  of  increasing  the  scope  and 
effectiveness  of  conventional  techniques  of  value  engineering. 

As  currently  employed,  these  techniques  usually  emphasise  re- 
evaluation  of  systems  and  functions  to  achieve  reduction  in  the 
cost  of  end  item  acquisition. 

The  technique  prescribed  in  this  report  stresses  the  inportar.ee 
of  value  analysis  in  the  conceptual  phase  of  development,  the 
objective  being  to  eliminate  alternatives  requiring  unnecessary 
costs  before  these  costs  ar*-  incurred-  In  this  way,  systematic 
analysis  over  the  total  spectrum  of  system  development  makes 
possihle  value  optimization  with  respect  to  total  expected 
resource  cost. 

The  methodology  of  value  analysis  propounded  in  this  study  adds 
a  new  dimension  to  vaiue  engineering  as  generally  envisaged  and 
practiced  at  the  present  time.  It  proposes  better  communication 
between  and  inproved  coordination  of  the  various  levels  of  the 
engineering  disciplines  and  management,  from  the  conceptual  stage 
to  end  item  realization.  It  seeks  the  goal  of  obtaining  the 
optimum  product  with  respect  to  cost  in  resources  consistent  with 
full  realization  of  function  objectives,  or  succinctly  expressed, 
"getting  the  job  done  satisfactorily  at  least  cost."  The 
advantages  of  the  technique  expounded  should  accrue  to  all  users, 
Governmental  procurement  entities,  as  well  as  industrial  producers. 

The  value  analysis  technique  introduced  irs  this,  report  has  these 
basic  characteristic : 

a.  Quantification  of  value  consistent  with  established 
USAF  specification  of  system  utilization. 

b.  Value  parameters  which  ara  predictable  end  measurable, 

c.  Systematic  method  of  quantitative  analysis  which 
permits  practical  optimization  in  the  “least  cost" 
sense  consistent  with  system  value, 

d.  Technique  structure  which  permits  design  tradeoff  of 
discrete  alternatives  relating  to  cost  ana  system  v*b  ue 
parameters , 


e.  Method  of  cost  analysis  which  permits  optimization  with 
respect  to  total  cost  and  is  consistent  with  hot'  design 
and  operational  va«ue  parameters , 

f.  Method  of  cost  analysis  based  on  difference  principles, 
which  permits  decisions  through  dominance  of  one  al¬ 
ternative  over  another. 


101 


BIBLIOGRAPHY 


Air  Force  Svgtera  Command  Manual,  Systems  Management,  AFSCM 
375-1,  3,  a,»d  4, 

Armed  Forces  Procurement  Regulation,  Part  17 -Value  Engineering. 

Epstein,  L.  Ivan,  MA  Proposed  Measure  for  Determining  the  Value 
of  a  Design,"  Operation  Research,  April  1957. 

Fishburn,  Pster  C. ,  Decision  and  Value  Theory,  John  Wiley  & 

Sons,  New  York,  1964. 

Fringe  Effects  of  Value  Engineering,  POD,  Value  Engineering 
Committee  of  the  American  Ordnance  Association,  May  1964, 
Washington,  D„  C. 

Huss,  Harry  0.,  Value  Analysis  (Value  Engineering) .  December  1961, 
U.  S.  Army  Chemical-Biological-Radiological  Engineering  Group, 

ENG  No.  SR-1  AD50952Q, 

Introduction  to  Value  Engineering,  Defense  Electronics  S»-*t»ply 
Center. 

Instructors  Notes  for  5  and  5,  AD609883  and  AD609994. 

Niles  Lawrence  D ,  .  Techniques  of  Value  Analysis  and  Engineering, 
McGta  -Hill  Book  company,  Inc.,  1961. 

Military  Specification,  Wl-M-23313  (SHIPS)  "Maintainability 
Requirements  for  Shipboard  and  Shore  tiect tonic  Equipment  and 
System,"  June  1962. 

Principle  and  Applications  of  Value  Engineering,  Trailing  Juide. 
OASdTx&L) 7  Washington,  D .  C .  2 0 30 1,  AD6 0466 3  ~ 

Purvis,  R.  E.,  and  R.  L.  McLaughlin,  Validation  of  Piacard-Mt- 
Faj lure-Maintenance  Mathgauitical  Model,  RADC-TR-65-214 ,  June  1965, 
AD4  79903.  -  ~  . 

Barton,  H.  R.  st  si,  "A  uueuing  kodel  for  Determining  System 
Manning  and  Related  Support  Requirements , M  AMRL-TDR-64-2 1 , 
AD434b03,  Janus _y  1964. 

Purvis.  S.  E . ,  at  al,  "Queuing  Tab l""  for  Determining  System 
Nanning  and  Related  Support  Requirements!,'  AMRL-TR-6  4-125, 
AD4582Q6,  December  1964. 


102 


Purvis,  R.  E, ,  ot  al,  "Validation  of  Queuing  Model  for  Determin¬ 
ing  System  Manning  and  Related  .Support  Rt  quit  omenta , lJ  AMRL-TR-65-32 
January  1565. 

Vne  Manafimon.t  of.  Value,  .inglnaerfr^. _Pmqr.aisa_  .tn  Pefenae  Contracts , 
Training  Guide,  OASD  (ISJH ,  £prt l  1054,  Washington,  D.  C. ,  2C301, 
AT654?S1T 

Value  Analysis-Value  Erigingarir-g,  Tne  Implication  for  Managers , 
American  Management  Association. 

Value  EnrM  rearing,  Logistics  Management  Institute,  Mzy  1953, 
Washington ,  D.  C„  20016, 

Value  Engineering  Handbook,  Hill,  Office  of  the  Assistant  Secre¬ 
tary  ot~ Defense  unstalXationa  and  Logistics),  March  1963, 
\«**'thington,  i),  C,  2^301. 

Value  Analvaia  in  the  RCA  Coat  Reduction  Program  ^adio  Corpora¬ 
tion  of  Amarica,  Camden.  N,  J.  08102. 

Wsafcons  Systems  M^SSSteZ&R&SMj.  Industry  Advisory  Commit  tga^jWSglM) 
AFoC"TR-65-l  through  6,  January  I9C5,  Air  Force  Systems  Command. 


W.‘  iftden,  Eugene  G.  ,  "Criteria  for  Discarci-At-Feilure  4aintenar.ee,  ! 
RviDC-^DR-bS-l^O,  *n40 5775,  March  1963. 


EXPLANATION  OF  TERM S 


Acquisition  Colt  -  The  total  coat  to  the  Government  incurred 
to  place  an  item(a)  in  initial  operation  in  the  field.  (This 
includes  both  Government  and  contractor  cost.) 

Black  Box  -  A  discrete,  physical  component  (sub-unit)  of  an 
operational  unit  to  which  may  be  assigned  a  rate  of  failure 
and  a  time-to-repair,  and  which  may  be  moved  from  one 
location  to  another  independent  of  the  next  higher  level 
of  assembly. 

Confidence  Level  -  A  level  of  protection  afforded  against 
having  a  demand  for  an  item  out  of  stock.  The  confidence 
level  is  computed  based  on  the  probability  of  having  one  or 
more  demands  for  an  item,  in  a  specified  period  of  time, 
above  the  stock  level. 

Constraint  -  Any  restriction  or  condition  which  bounds  the 
value  a  variable  or  paramoter  may  asmim®?  e.  g.,  manning 
must  not  exceed  100  men.  For  example,  number  of  men  avail¬ 
able  and  training  facilities  available  frequently  act  as 
constraints  on  the  training  program  which  can  be  undertaken 
to  obtain  a  particular  number  of  men  with  particular  skills. 

Coat -to-qo  -  The  actual  coat  to  complete  the  remaining 
program  requirements. 

Design  Alternative  -  An  alternate  deai  in  layout  of  modules 
and  higher  modular  assemblies,  types,  and  sizes  within  an 
equipment. 

Oeaign/Support  Alternative  -  An  alternative  involving  a 
change  in  a  design  configuration  and/or  c  maintenance  plan. 

Uowntime  -  Time  during  which  the  operational  unit  or  sub¬ 
system  is  not  available  for  operational  use  because  of  mainte¬ 
nance  or  other  factors. 


dstlmate-tp-qo  -  An  estimate  of  the  actual  ccst-to-go, 

Exponential  Distribution  -  A  probability  distribution 
having  the  fom 


frequency  distribution 


p(h  )**!-«’ 


10  4 


cumulative 

distribution 


where  the  <««an  and  standard  deviation  are  both  1/u.  In 
this  report  the  time  batwaun  failures  of  equipment  and 
time  to  repair  failures  both  are  assumed  to  be  distributed 
exponentially. 

11.  Fabrication  -  Fabrication  means  the  construction  of  a 
system,  equipment,  assembly,  etc,,  from  its  parts  or 
elements, 

12.  Failure  te  -  Number  of  failures  (non- scheduled  interrup¬ 
tions"  "oFoperat i on )  of  the  item  per  unit  time. 

13.  Imputing  -  Imputing,  as  use.'  in  this  report,  describes 
derivation  of  a  characteristic  in  terms  of  measurable 
parameters . 

14.  Inventory  -  Stock  (items)  provided  in  anticipation  of 
demand . 

15.  Inventory  Model  -  \  mathematical  model  purporting  to 
describe  relatl*,  lsniya  between  allocation  of  spares  and 
cost  in  support,  of  an  end  item  equipment  and  the  military 
mission  of  the  equipment, 

15.  Levels  of  Assembly  -  A  rough  measure  of  the  sire  and/or 

complexity  of  a  sub-divisior  ot  an  equipment,  Except  for 
the  lowest  level  of  assembly,  the  p^rt,  each  level  of 
assembly  is  made  up  of  several  members  of  lower  levels  of 
assembly.  Below  are  listed,  from  high  to  low  level  of 
assembly,  two  examples  of  various  lavels  of  assembly. 

Aircraft  Radar  set 

Engine  Rack 

Cylinder  assembly  Drawer 

Cylinder  head  assembly  Printed-wiring  beard  assembly 

Exhaust  valve  Resistor 

j.7 .  Line  Item  -  An  itstr.  of  supply  which  is  listed  in  a  Federal 
Stock  Catalog,  and  to  which  is  assigned  a  Federal  Stock 
Number . 

18.  Logistics  -  The  science  of  allocating  resources  for  support 
of  military  operations, 

19.  Logistic  Model  -  A  mathematical  model  purporting  to  describe 
the  relationship  between  the  allocation  of  spares,  personnel, 
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maintenance  capability  and  coat,  in  support  of  an  and  item 
and  the  military  mission  of  the  item, 

20.  Maintainability  -  Ease  of  repairing  an  item  given  a 
particular  combination  of  maintenance  equipment  and  replace¬ 
ment  parts  and  8ub-asst»rK'J  <*' .  Generally  measured  in  terms 
ct  mean-tim@-to-repair  (MTTR;  or  its  inverse  repair  rate 

<P  > . 

21.  Maintenance  Channel  -  Combination  of  men  and  equipment 
required  to  perform  a  particular  task  or  groups  of  tasks. 

22.  Maintenance  Plan  -  See  Support  System. 

23.  Manning  Requirements  -  A  detailed  breakdown  of  the  manning 
required  to  meet  specified  operational  requirements  of  a 
new  weapon  system. 

24.  Manufacturing  -  Manufacturing  is  us*'1  to  define  the  processes 
of  procurement  of  parts  or  materials,  am.'  their  fabrication 
into  systems ,  equipments,  etc. 

23.  Maximum  Alio  /able  Downtime  -  Time  that  a  s  stem  may  remain 
inoperative  for  the  performance  of  a  maintenance  task. 

26.  Mean  Time  Between  Failures  (MTBP)  -  Average  time  per  item 
between  occurrence  of  failures.  May  be  estimated  by 
dividing  time  by  the  number  of  failures  occurring  during 
this  time.  It  is  the  reciprocal  of  the  mean  failure  rate  (?>). 

.17.  Mobility  -  A  measure  cf  how  quicklv  the  system/equipment  can 
be  relocated. 

20.  Module  -  Lowest  level  cf  plug-in  assembly. 

29.  Module  Configuration  -  A  particular  design  layout  of  modules 
within  an  equipment. 

30.  Module  Size  -  The  average  number  of  parts  per  module, 

31,  Operational  Readiness  -  The  average  percent  of  on-line  units 
which  are  operational  at  a  given  time  when  they  are  intended 
to  be. 

32,  Operational  Requirements  -  A  statement  of  operational  readiness 
level  required  of  the  operational  units,  total  operational 
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hours,  capability  of.  fcha  operational  units  during  a 
specified  pariod  of  tima,  and  the  nunber  of  misuions  required 
of  the  operational  unit  during  the  specified  period, 

33.  Organization  -  Ac  used  in  this  report,  organization  designates 
the  using  location  of  an  end  item,  or  the  first  level  of 
support  in  a  multi -echelon  support  system. 

34.  Parameter  -  A  quantity  to  which  may  be  assigned  arbitrary 
values,  as  distinguished  from  a  variable,  which  assumes 
only  values  that  the  form  of  the  function  makes  possible. 

For  example:  the  operational  readiness  specified.  Values 
may  be  arbitrarily  assigned. 

35.  Personnel  Availability  -  A  measure  of  resources  of  men  and 
ckills  that  are  ?vailcsbie  outside  the  system  to  man  the 
system, 

36.  Phaae-out  period  -  The  period  coiunencing  with  the  tima  of 
relaxed  operational  requirements  charged  to  a  system  until 
complete  disuse  or  salvage  of  the  system  and  associated 
hardware. 

37.  Preventive  Maintenance  -  The  care  and  servicing  by  user 
personnel  for  the  purpose  of  maintaining  equipment  in 
satisfactory  operating  condition  by  providing  for  systematic 
inspection  and  correction  of  incipient  failures,  either 
before  they  occur  or  before  they  develop  into  major  failures. 

38.  Primary  Duty  Assignment  -  The  type  of  duty  to  which  personnel 
are  allocated  during  their  normal  on  duty  shift  peri-d,  fend 
which  is  directly  connected  with  the  operation  and  maintenance 
of  the  weapon  system, 

39.  Production  -  Production  includes  the  functions  of  procurement, 
fabrication,  production  engineering,  and  other  ancillary 
functions  required  for  the  transition  from  tie  design  to  the 
fabricated  produce. 

40.  Frovife j. oning  -  The  initial  and  continued  allocation  of  spares 
in  the  support  system  of  an  item. 

41.  Quanti  f  icaticn  -  The  process  of  establishing  numerical 
evaluation  procedure  to  measure  a  characters  tic  of  a  -system, 

42.  Queue  -  A  waiting  line  or  units  which  require  some  form  of 
service  (normally  maintenance  repairs). 
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Rg«4y  Inventory  -  Spar*  items  which  are  used  as  replacements 
upon  failure  ana  which  are  repairable  at  using  locations. 

44.  Repair  Rate  -  The  reciprocal  of  the  average  time  spent  per 
channel  in  repairing  an  item,  excluding  delays  such  as  "wait 
for  spare  part  to  be  delivered,"  etc. 

45.  Repair  Channel  -  See  Maintenance  Channel. 

46.  Skill  Levels  -  The  classification  system  used  to  rate  main¬ 
tenance  personnel  as  to  their  relative  abilities  to  perform 
maintenance. 

47.  Spare (s )  (noun)  -  Systems,  equipments;  black  boxes  or 
modules  kept  in  reserve,  unused  until  needed  to  replace  a 
similar  failed  item,  ao  that  there  will  net  be  a  reduction 
of  the  number  of  operational  systems  of  equipments.  When 
the  failed  item  is  repaired,  it  becomes  a  spare  if  it  is 
not  needed  to  provide  the  desired  number  el'  operational 
systems  or  equipments.  Mot  to  be  confused  with  spare  parts. 

48.  Spare  Parts  -  Non- rep air able  items  at  lowest  level  of  assem¬ 
bly  held  to  replace  similar  items  whose  failure  caused  failure 
of  a  higher  level  of  assembly. 

49.  SubaEsembly  -  Of  modular  construction,  any  of  several  possible 
levels  of  assembly  ranging  from  subsystem  to  module. 

i 

50.  Subsystem  -  Major  functional  equipment  or  group  of  equipments 
of  operational  unit  or  support  system,  essential  to  operational 
completeness . 

51.  Service  ftate  -  The  reciprocal  of  mean  time  to  restore  an 
item  to  operable-  status,  including  waiting  and  travel  time. 

52.  Support  Alternative  -  An  a)  amative  maintenance  plan, 

53.  Support  System  ”  The  maintenance  personnel,  equipment,  spares, 
and  spare  parts  as  organised  into  shops,  echalons,  wit.n 
assigned  responsibilities. 

54.  Tradeoff  -  The  balancing  cf  two  or  more  variables  associated 
with  performance  to  obtain  a  greater  return  per  unit  cost 

in  vet @d  . 
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55.  Unreadiness :  The  fraction  of  time  par  unit  time  an  ana 
item  equipment  is  not  operable. 

56.  Utilisation  Factor  -  A  ratio ,  the  failure  rate  of  an  item, 
divided  by  the  repair  rate  of  the  item.  Queuing  table*  are 
uaually  baaed  on  the  utilisation  factor,  since  it  ia  invariant 
with  changes  in  number  of  operational  item*  and  repair  channel*. 

57 .  Value  -  Value  ia  defined  aa  the  imputed  quality  of  usefulness 
for  a  specific  purpose  (’'imputed  here  describes  derivation 

of  a  characterintic  in  term*  of  measurable  parameter?) . 

58.  Value  Analysis  -  Value  Analysis  is  the  systematic  application 
of  techniques  used  to  assess  the  value  of  a  system  or  portion 
of  a  system. 

59.  Value  Engineering  -  Value  Engineering  is  a  field  of  engineer- 
ing  directed  to  development  of  systems  having  appropriate 

or  specified  valuer  in  the  accomplishment  of  their  missions. 

60.  Variable  »•  A  quantity  that  may  assume  a  succession  of  values 
that  need  not  be  distinct,  but  which  can  only  assume  those 
values  chat  the  form  of  the  function  makes  possible. 

61.  VART  -  Value  Allocation  Review  Technique.  A  technique 
directed  to  enabling  the  assignment  of  value  and  cost  goals 
to  a  project,  permitting  program  review  and  directing  value 
improvement  and/or  cost  redact. ..on. 

62.  Workload  -  Averaqe  manhours  of  effort  of  a  particular  skill 
caused  by  the  operation  of  an  item  or  group  of  items  when 
chey  are  operated  according  to  sped  tied  requirements. 


MAJOR  SYMBOLS 


A  *  Acquisition  cost 

C  *  Number  of  repair  charnels, 

c  »  Cost  designator 

D  «  Debit  and  credit  cost  -  uued  for  inventory  accountability 
at  the  depot. 

D  *  Units  down  in  excess  of  spares, 
d  3  Fraction  c£  units  down  in  excess  of  spares. 

E  *  Total  number  of  equipments. 

F  *  Number  of  field  sites. 

Gj  i  «  Number  of  personnel  of  subsystem  rkili  (i)  at  location  (j). 

I  “  Line  it  am  entrance  coat. 

L  *  Expected  equipment  life. 

:  **  Equipment  phaseout  period. 

M  »  Coat  per  year  of  maintaining  a  line  item  in  the  supply 
system. 

N  »*  Number  of  equipments  per  location. 

«  Number  of  line  items  introduced  into  uhs  supply  systems. 

N  »  Number  of  line  items  repaired  by  depot. 

■  Total  expected  repair  dsmsnda  at  the  depot. 

*  Total  expected  repair  demands  at  the  field. 

N  ^  19  Total  expected  repair  demands  at  the  organisation, 

n  *  A  designator  of  number  in  defined  context. 

P  *■  Utilization  factor  -  a  ratio  foimed  by  dividing  i*r. 

equipment  failure  rata  by  its  repair  rate. 

p{  }  •  A  designator  of  probability  in  defined  ccn_*xt.. 
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*  Praction  of  depot  module  repair  demands  from  the  field. 

■  Praction  of  depot  higher  assembly  repair  demands  foam 

the  field. 

»  Cost  per  year  of  maintaining  a  stock  item  on  the 
Material  Repair  Schedule  (MRS) . 

*  Praction  of  depot  module  repair  demands  from  organization. 

*  Fraction  of  depot  higher  assembly  repair  demands  from 

erg  ar.  iz  at  ion . 

“  Support  and  operation  cost. 


0  a  Designation  of  spares. 

T  «  Total  cost, 

t  *  A  designator  of  time  in  defined  context. 

u  “  Operational  unreadiness  -  the  mean  number  of  equipments 

not  operable  dit'ided  by  total  number  of  equipments. 

V  *  Valuo 

W  *  Worth 

Y  »  Number  of  organizational  sites  per  field  shop. 

X  Failure  i  ate  >  reciprocal  of  mean  time  between  failure  (MTBF)  . 
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*  Repair  rate,  reciprocal  of  mean  time  to  repair  (MT.tR)  , 
or  service  rate,  depending  on  context. 


APPENDIX  I 


NOTES  ON  SELECTIVE  APPLICATION  OF 
VALUE  ANALYSIS 


In  general,  roost  systems  exhibit  a  non-uniform  cost  pattern 
similar  to  the  economist  Pareto's  Law*  on  the  non-uniform 
distribution  of  wealth.  Relatively  few  system  elements  will 
be  found  to  account  for  a  high  percentage  of  system  cost. 
Generally,  proportionate  valve  improvement  effort  should  be 
devoted  to  these  ’terns,  in  keeping  with  the  principles  of 
management  by  exception.  The  cost  variation  analysis  pro¬ 
cedure  provides  a  tool  to  implement  these  principles.  In 
establishing  the  initial  coat  estimate,  particular  attention 
should  be  directed  to  the  items  having  the  highest  "cost 
sensitivity,"  namely,  potential  return  for  effort  expended. 
Criteria  to  consider  are: 

1.  High  Quantity  Repetitive  Items  -  These  are  frequently 
of  lew  or  medium  cost.  The  quantity  factor  exerts  high 
"leverage"  in  terms  of  overall  savings  for  efforts 
expended. 

2.  "  standard  and  special 
designs  should  be  evaluated  to  determine  if  total 
value  will  benefit  from  an  exchange  of  roles.  Im¬ 
proved  value  may  result  from  substituting  a  stand¬ 
ard  or  Government- furnished  item  for  a  non-standard 
or  contractor-furnished  item,  or  vice  versa. 

Standard  parts  tend  to  be  less  value-sensitive 
because  they  have  tho  protection  of  status.  A  non- 
standard  part  ia  handicapped  because  it  bears  the 
burden  of  demonstrating  at  least  equivalent  function 
and  reliability,  and  savings  which  will  mere  t -bar. 
compensate  for  changes  in  the  logistic  system.  On 
the  other  hand,  the  problem  is  often  oversimplified 
and  misstated,  e,g.,  a  specification  for  "The  .max¬ 
imum  us©  of  authorized  parts,  materials,  and  pro¬ 
cesses.'’  Thil  is  essential  up  to  the  point  where  it 
provides  superior  total  value.  If  the  use  of  a  non- 
standard  par*:  can  he  shown  to  contribute  greater  over¬ 
all  value,  it  will  have  achieved  the  objectives  of 
standardisation  by  not  standardizing. 


*  Vilfredo  Pareto  -  Manuals  d ' Economic  Politics,  1906, 
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3.  Technical  Uncertainties  -  The  scientist  and  engineer 
inherently  generate  ,&iue.  They  take  the  first  and 
biggest  step  by  making  it  possible  to  perform  a 
function  that  did  not  exist  before.  During  the  pro¬ 
ject  development,  plan  (PDF)  stage,  value  engineering 
techniques  assist  the  inventive  process  and  guide  it 
to  less  costly  solutions.  In  ti.-s  regard,  high  cost 
areas  of  technical  uncertainty  should  oe  investigated, 
particularly  where  the  alternatives  differ  widely  in 
cost. 

4.  Statfc-of-t,he~Art  -  A  "design  from  scratch"  is  invari¬ 
ably  more  complex,  costly,  and  ieua  reliable  than  it 
can  ultimately  be.  Its  value  improvement  potential 
is,  therefore,  higher  than  that  of  a  mature  design. 
Conversely,  areas  in  which  technology  as  conventional 
and  equipment  design  is  relatively  mature,  suu!.  as 
power  supply,  storage,  and  conversion,  may  be  found 
to  offer  less  potential.  This  i3  not  necessarily 

so  because  the  mature  design  represents  the  ultimate 
in  simplicity,  but  because  of  the  problems  previously 
noted. 

In  addition  to  the  criteria  above,  the  following  checklist  pro¬ 
vides  an  indication  of  potential  sources  of  cost  reduction  to 
achieve  value/cost  goals. 

A,  SPECIFICATION  REVIEW 

1.  Review  performance  specifications  to  ensure  that  no 
unnecessary  or  excessive  requirements  are  imposed. 

2.  Has  the  cost  of  any  overdesign  been  defined  for  its 
effect  or.  production,  as  veil  as  on  the  Research  and 
Development  program? 

3.  Has  tlie  cost  effect,  of  contract-required  overdesign 
been  discussed  with  the  ^'-sterner? 


S.  ELECTRONIC  DESIGN 


Does  the  design  represent  optimum  electrical 
I  e  circuitry  over!-,  romp  lx  or  conservative? 
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3.  Have  standard  "preferred  circuits"  been  reviewed  to 
see  how  many  can  be  used  beneficially? 

4.  Has  the  field  of  commercially  available  packaged 
circuits,  power  supplies,  etc.,  been  reviewed  against 
your  requirements? 

5.  Can  circuitry  be  eliminated  by  having  one  circuit  do 
the  job  of  two  or  more? 

6.  When  specifying  special  component  perts,  have  potential 
vendors  been  consulted  for  alternatives  or  modifications 
that  would  hold  coats  down? 

7.  Have  alt  high  cost  components  such  as  transistors,  semi¬ 
conductor  diodes,  magnetic  and  hig.'  pc/wer  devices, 
motors ,  gear  trains ,  and  decorders  been  examined  to 
determine  whether  lower  cost  substitutions  can  be  made? 

8.  Are  the  components  of  the  lowest  cost  meeting  the 
design  requirements? 

9.  Can  any  electrical,  tolerance  be  liberalized  to  allow 
specification  of  lower  ce;!t  parts? 

10.  Have  nearly  identical  parts  been  made  identical  to 
gain  the  advantage  of  quantity  buying  cr  manufacture? 

11.  Mas  coaxial  cable  been  specified,  when  hookup  wire 
o>  shielded  cable  will  do  the  job? 

12.  Have  automated  techniques  been  used  to  the  maximum* 

13.  Is  Teflon  wire  specified,  where  other  insulation  will 
suffice? 


MECHANICAL  DESIGN 

1.  Dees  the  design  represent  optimum  mechanical  simplicity? 

2.  Ia  every  part  absolutely  necessary?  Can  any  part  b© 
eliminated  or  combined  with  another  p- rt  to  r.'ditrt 
total  number  of  parts  and  oat? 
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When  specifying  special  parts,  have  potential  vendors 
been  consulted  for  alternatives  or  modifications 
that  would  hold  costs  down? 

Are  mechanical  tolerances  within  the  limits  of  normal 
shop  practice?  Can  any  tighter  tolerance  specified 
be  changed  or  be  liberalized  to  hold  costs  down? 

Are  the  surface  finishes  the  coarsest  that  will  do 
the  job? 

Are  the  fabrication  processes  of  the  lowest  cost 
.meeting  the  design  requirements? 

Have  nearly  identical  parts  been  made  identical  to 
gain  the  advantage  of  quantity  buying  or  manufacture? 

Are  the  materials  of  the  lowest  cojt  meeting  the  design 
requirements? 

Does  the  combination  of  material  and  protective 
finish  specified  result  in  the  lowest  cost  combination? 

Has  relative  workabii' t\  of  materials  been  considered? 


Have  standard  alloys,  .,rades,  and  sizes  of  stock  been 
specified  whenever  possible? 

Can  the  des;gn  be  altered  in  any  respect  to  avoid  the 
use  o:c  non-standai  tooling? 

Has  the  l/10-inch  grid  drafting  system  for  sheet  metal 
parts  been  used  wherever  applicable? 

Can  the  design  be  modified  to  enable  the  use  of  the 
same  tooling  for  right-  and  left-hand,  or  similar, 
parts? 

Are  drawings  for  fabrication  of  parts  which  are 
similar  to  parts  already  produced  cross  referenced, 
so  that  available  tooling  can  be  used? 

Can  the  design  be  altered  to  avoid  unnecessary 
handling  and  processing  resulting  from  such  things  as 
riveting  and  spot  welding  or  the  same  subassembly 
part  ? 
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17.  Have  automated  techniques  been  used  to  the  maximum? 

18.  Are  casting  bosses  of  adequate  size,  considering  the 
large  tolerances  which  apoly  to  casting  dimensions? 

19.  Can  cores  or  complex  partiny  lines  he  eliminated 
from  any  casting  by  moderate  redesign? 

20.  Is  impregnation  of  castings  specified  when  it  would 
aid  processing?  (Castings  should  be  impregnated  after 
machining,  if  they  are  to  be  electroplated.  This 
impregnation  prevents  absorption  of  plating  acids  or 
salts.  Castings  should  also  be  impregnated,  if  they 
are  to  hold  liquids  or  gases  under  pressure) . 

21.  Have  engineering  and  factory  specialists  been  con¬ 
sulted  for  castings,  forgings,  weldments,  heat  treat¬ 
ment,  and  other  specialties? 

22.  Have  standard  sires,  grades,  and  alloys  of  fasteners 
been  specified  whenever  possible? 

23.  Are  all  manual  welding  operations  specified  absolutely 
necessary?  Can  furnace  brazing  be  substituted? 

24.  Are  the  assembly  processes  of  the  lowest-cost  meeting 
the  design  requi  rements? 

25.  Has  adequate  clearance  between  parts  been  provided  to 
allow  for  easy  assembly?  (Parts  have  become  smaller, 
but  hands  have  not.) 

26.  Are  all  parts  designed  assembly  at  the  earliest 
possible  time?  Assembly  costs  go  up  as  the  buildup 
of  the  system  progresses. 

27.  Are  markings  adequate  to  guide  the  assembly  processes? 

28.  Have  the  engineering  and  factory  specialists  been 
consulted  on  any  unusual  assembly  problems? 

29.  Has  datum  line  rather  than  multiple  surface  dimension¬ 
ing  been  used  on  all  drawings? 

30.  Can  any  four-place  dimension  be  changed  zo  a  three- 
place  dimension? 
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31.  Can  any  three-place  dimension  be  changed  to  a  two- 
place  dimension? 

32.  Can  heat  treating  af*fcer  forming  sheet  metal  parts  be 
eliminated  by  change  of  design  oi  material  to  avoid 
straightening  problems? 

33.  Is  all  masking  from  finishing  materials  (such  as 
plating  solutions  and  paint)  necessary? 


D.  STANDARDIZATION 

1.  Lave  you  coordinated  your  design  with  those  who  may 
be  using  (or  have  used  in  the  past)  similar  designs, 
circuits,  parts,  or  components,  to  get  optimum  benefit 
from  standardization  and  past  experience? 

2.  Are  the  standard  circuits,  standard  components,  and 
standard  hardware  the  lowest  c^it  standards  which 
will  supply  the  minimum  required  characteristics? 

3.  Can  the  use  of  each  non-standard  part  of  circuit  be 
adequately  justified? 

4.  Can  any  new  non-standard  part  be  replaced  by  a  non¬ 
standard  part  which  has  already  been  approved? 

5.  Do  control  drawings  leave  no  question  that  a  vendor 
standard  part  is  being  spec  fled  when  such  is  intended? 

6.  Has  standardization  been  carried  too  far  until  the 
cost  of  excess  function  is  greater  than  the  gains 
resulting  from  high  quantity? 


E .  MAINTAINABILITY  DESIGN 

1.  Is  each  assembly  self-auppcrting  in  the  desirable 
position  or  positions  for  easy  maintenance? 

2.  Can  assemblies  be  laid  on  a  bench  in  any  position 
without  damaging  component'*''’ 
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F.  TESTING 


1.  Are  the  test  processes  of  the  low  ust  cost  meeting 
the  design  requirements? 

2.  Can  any  test  specification  be  eliminated  or  relaxed? 

3.  have  interacting  controls  been  eliminated,  or  the 
adjustments  specified  in  such  a  manner  that  the 
lowest  cost  factory  test  personnel  can  easily  align 
the  circuit? 

4.  Is  the  system  compatible  with  the  requirements  for 
checkout  in  the  factory,  if  not  as  a  complete  system, 
then  in  large  subsystem  segments? 

5.  Have  the  test  process  experts  been  consulted  for 
alternatives  that  world  keep  their  costs  down? 


G.  PRODUCTION  COSTS 


1.  Are  the  quantities  to  be  built  on  this  order  known? 
Are  the  estimated  quantities  to  be  built  on  future 
orders  known?  Have  these  factors  been  considered 
in  the  design  decisions? 

2.  Will  tooling  costs  be  in  line  with  present  and 
anticipated  production? 

3.  How  much  do  vou  estimate  the  design  wiii  cost  in 
production? 

H ,  SUBCONTRACT  ITEMS 

1.  Has  the  field  of  commercially  available  packaged 
units,  subassemblies,  and  circuits  been  thoroughly 
reviewed  tc  be  sure  there  are  no  standard  vendor 
items  that  will  do  the  jot? 

2.  Is  desired  cost  control  adequately  emphasized  in 
subcontract  specifications? 
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3«  Have  our  specifications  for  subcontract  items  been 
reviewed  against  the  checVt  list,  to  be  sure  we  are 
not  ovet specifying? 

4.  Have  suggestions  been  invited  from  prosepctive 

suppliers  regarding  possible  value  improvement  from 
loosening  specification  limitations? 
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APPENDIX  II 


VALUE  MODELING 


1.  INTRODUCTION 

The  model  described  in  section  2,  paragraph  2.2,3,  of  this  report 
was  developed  for  the  purpose  of  quantifying  value.  It  is  directed 
to  establishing  value  relative  to  a  potential  single  requirement. 
Subsequently,  the  weighting  functions  (imputed  probability  and  gain 
and  loss  functions)  are  removed,  and  the  measure  of  achievement  of 
value  is  reduced  to  achievement  of  a  specified  effectiveness  func¬ 
tion,  which  is  described  in  tciiuo  of  measurable  and  specified 
parameters.  The  purpose  of  this  appendix  in  tr»  develop  further  the 
generality,  the  basic  concept  developed  in  paragraph  2.2. 

2.  GENERALIZATION  OF  THE  VALUE  CONCEPT 

In  paragraph  2.2,  value  of  a  function  was  developed  as: 

V(f)  =  p(f)  w(f),  vd)ich  is  identifiable  with  the  system 

value  through  V(f)  *  p(f)  w(f)  «  and 

V,  (s)  =p  ,  (a)  V(f)  *  pf  (s)p(f)w(f) .  , 

In  general,  a  system  may  have  multiple  mission  requirements,  and 
establishment  of  the  total  value  of  the  system  is  desirable.  This 
generalization  can  be  accomplished  by  summing  the  value  returns 
from  the  spectrum  of  mission  requirements: 

V,  (a)  -  Z  Vf  (a)  j  =  Z  P.  (s)  p(f)  w(f?  t .  .  (II-l) 
i  i  r  1  1 

Note  that  p(  (s)  ,  p(f)j,  and  w(f)t  may  vary  with  the  mission  re¬ 
quirement.  This  expression  may  be  used  as  a  r.teans  of  evaluating 
competing  hardware  syatemr. 

Where  systems  differ  in  deterrent  capability  or  mission  spectrur:., 
the  military  value  model  must  be  invoked. 

2.1  Military  Value  Model 

This  model  is  generalized  similarly  to  the  above  development  by 
introducing  the  subscript  (t)  to  designate  mission  type. 

Thus,  V(s)  Z  qtr{  W(L)  t-r,  (1-V)  ,p(f)  tW(L)1-rtv1p(f)J  W(L') ,  .  (II-2) 

Whore  competing  systems  are  being  evaluated  over  a  mission  spectrum, 
it  will  generally  be  necessary  to  allocate  missions  or  functions  to 
a  mix  of  systems,  thus  creating  an  optimum  mix.  Several  optimiza¬ 
tions  techniques  are  applicable.  Por  unconstrained  mix  problems, 
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optimization  of  system  value  witn  respect  to  resource  cost  can  be 
accomplished  using  the  ranking  procedure,  which  is  based  on  selec¬ 
tion  of  an  alternative  providing  the  greatest  return  in  value  per 
unit  resource  cost  expended. 

3.  GENERAL  VALUE  FUNCTION 

Problems  of  dimensionality  have  plagued  investigators  seeking  a 
value  model  which  permits  establishing  ratios  to  determine  "greater 
than  or  less  than"  conditions.  The  following  development  shows  the 
characteristics  which  such  a  function  must  possess  to  satisfy  a 
ratio  test,  viz..  If 


V1/T1  <1  ,  (II-3) 

VsTrT 

then  Va/Ta  is  preferable  to  V1/T1 ,  etc.,  where  Vi  and  T;,  correspond 
to  the  value  and  total  expected  cost  of  alternative  1,  and  similarly* 
V3  ,  T2  correspond  to  alternative  2. 

4.  .^CTtireMENTS  OF  A  GENERAL  V.AIUE  FUNCTION 

Let  alf  ...,au  represent  values  of  parameters  describing  a  design 
alternative,  and  let  V,  a  function  of  the  parameters,  be  the  value 
of  the  design  alternative,  ^e  function  V(a7  # aa  , . . , )  i8  to  be 
determined,  which  expresses  the  relative  (or  absolute!  value  of  the 
design  alternative.  An  alternate  design  is  described  by  parameter 
values  V(f3j.,  8s...i3n). 

If  it  is  required  that  the  ratio 


V (oq  ,  cig  ,  • . .  ,  otR  )  /V \  ,  Sg  ,  *  .  .  ,  8  ) 

.  n 

be  independent  of  the  units  of  measurements,  then  V  must  be  of  the 
form 

*  <•  , 

V  ~{ri\  1)  (a^  )  ...(a-  •,  where  is  a  constant  and 

independent  of  eg,  and  weights  the  si'nificance  of  cst  .  The  exponent 
may  be  either  positive  or  negative. 

5.  THE  PROBABILITY  DISTRIBUTION  FUNCTION 

One  function  which  satisfies  the  difficulties  of  dimensionality  ie 
the  probability  function.  The  basic  requirements  are  satisfied  if 

a.  The  probability  density  function  is 

p(t)  2.0  '  <*nd  ( 1 1  -4 ) 

b.  The  probability  distribution  function  is 

p (t) d  t  =  1 
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( X I  —  5 ) 


(131-6) 


Note,  also,  that  the  probability  distribution  function 

p(t>r.0)  =  f\Q  =  p  (t)  dt 

is,  of  course,  dimensionless. 

Thus,  the  probability  function  approach  dees  satisfy  the  dimen¬ 
sionality  difficulties.  The  value  engineering  structure  pro¬ 
posed  xn  the  methodology  developed  is  compatible  with  the  notion 
of  measuring  value  in  terms  of  a  probability  function. 

If  value  is  expressed  in  terms  of  effectiveness  as  a  compound 
probability  function,  then  the  following  relations  can  be  logically 
developed : 

Let 

L  (e^ ,  e2  r  . . «en  } 

be  a  7‘robai-i.lity  density  function,  and  by  definition 

P  (E)  =  /  .../ E'  (e1,ea,...en)de1,.,..den,  (II-7) 

and 

P(E^Eo)  =  /.../E'  (e1...en)dei...den,  (II-8) 

where 

P(E)  =fp(e)  de 

l>/p  (e)  de_:*0 


and  designate  a  specifiable  and  measurable  system  performance 
parameter.  This  equation  may  be  interpreted  to  state  that  the 
value  of  a  system  can  be  evaluated  by  the  probability  that  the 
system  will  perform  under  the  spectrum  of  mission  requirements 
over  the  expected  lifetime  of  the  system.  Each  major  system  per¬ 
formance  parameter  is  assumed  to  De  a  function  of  several  deserete 
de  s ign -dec i s i on  a.  Item  at  ive  s ; 

o  i  =e  i  (j  x  ,  0-2  . .  .  u  j . .  ot,  /  .  (11-9) 

Each  design-alternative  is  related  to  resource  cost 

cj”cj(*l)*  { I I - 1 0 ) 

i.e. ,  the  total  resource  cost  to  implement  the  jth  design  alterna¬ 
tive  over  the  lifetime  cf  the  system.  "*\e  design  alternatives  re¬ 
present  a  set  of  alternatives ,  one  or  store  of  which  is  selected  for 


incorporation  into  the  design  of  a  system,  and  generally,  each 
alternative  will  affect  one  or  more  performance  parameters  and 
the  system  cost.  The  formulation  above  lends  itself  to  syste¬ 
matic  quantitative  tradeoff  analysis  of  value.  Let  a  change  in 
the  effectiveness  relation  be  as  follows: 


AE=AE (e  . e  . . . e  . . . e  ) ; 

12  1  n 

then  the  rate  of  change  of  value  is  evaluated  by 


Ul-11) 


AE=E '  (ey  ,  e 
AC 


(11-12) 


The  selection  of  a  specific  design  alternative  will  generally 
affect  more  than  cne  system  value  parameter  as  follows,  from 

equation (11-13: 


AE; 


i  1 


(el'( 


. .  e  j 


Ac- 


(H-13) 


A  special  case  is  v'hen  only  one  of  the  parameters  and  its  asso¬ 
ciated  u^ource  cost  for  incremental  improvement  are  involv-  d 
in  the  decision,  i.  e.,  the  impact  of  a  design  alternative 
affects  a  single  parameter. 


6.  VALUE  ANALYSIS  DECISION  MECHANISMS 


6.1  Value  Anal ^ •  cis  cf  Fun ct ion 

It  has  baen  established  in  the  preceding  material  that  relative 
value  may  be  represented  in  terms  of  the  functional 


E  E (e]  , . . . e (  , . . . )  .  (11-14) 

In  general,  the  process  of  selection  between  two  candidate  design/ 
support  alternatives  may  involve  each  value  parameter  of  a  sys¬ 
tem  being  affected.  That  is,  for  alternative  (a),  a  change  in 
system  value  is  introduced  and  evaluated  from 


AE 


dE 


Ae 


1  w  e 


• 

-s -  i  * 

i  oe 

t  * 

1  ft 

Similarly, 

for  alternative 

(b)  . 

AE 

-  v  dS  Ae 

y.\n 

b 

,  XT  '  b 

t  h 

t  b 

(II -15) 


( II - lb) 
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In  general,  the  value  (effectiveness)  function  will  not  be  com¬ 
pletely  knovn,  i.  e.,  equation  11-14,  hence  it  will  usually  be 
neceEaary  to  compute,  dE  Ae  through  meddling  and  parameter  es- 

de 


timation. 


This  will  be  necessary  because  the  rate  of  change  of  value,  as 
related  to  a  specific  parameter  (the  margi?i»l  retur.t)  ,  will  de¬ 
pend  upon  the  value  already  achieved.  Figure  II-l  shows  in 
matrix  form  the  array  of  inter?rc  -ions  possible  from  the  intro¬ 
duction  of  a  design/support  alternate.  The  first  column  shows 
the  return  in  system  value  from  selection  of  an  alternative,  as 
measured  by  the  charge  in  effectiveness.  Each  element  of  the 
column  indicates  the  weighted  return  from  a  specific  parameter 
change  inherent  in  the  alternative  being  evaluated.  The  succeed¬ 
ing  columns  designate  the  cost  a  -■  as  affected,  given  that  the 
alternate  is  incorporated  in  the  system.  Summing  all  of  the  cost 
columns  yields  the  total  change  in  cost  as  a  result  of  selecting 
the  alternative.  A  second  alternative  is  analyzed  in  a  similar 
manner.  If  the  alternatives  are  competing,  the  choice  may  i® 
made  by  evaluation  of 

AE^ /A?^  AEfc /ATh <  1 ,  (11-17) 

where  the  A  designates  incremental  changes  in  the  value  and  cost. 
(T)  of  alternatives  (a)  and  (1 '  . 

Consider,  for  example,.  a  system  describee  as  rollows; 

E  =  ei  .es  ,  (11-29) 


whe  re 


e  *  operational  readiness,  and 
c-  -  mission  r>  liability. 

3 

Iv.  is  deg?  red  to  determine  the  change  in  effectiveness  due  to  a 
modified,  on  affecting  e,  and  e,  through  a  change  in  failure  rate 
and  repair  time .  Then 

AE  *«  e  Ae  t€>  Ae,  .  (IT -19) 

1  «*  3  i 

Operational  re  a-.,  i  ness  is  given  by 
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and  -lesion  reliability  is  given  by 


ea  =  exp(-At  ty ) . 

Now,  the  change  introduced  in  operational  readiness  as  a  result 
of  a  change  in  the  ith  element  is 

Ael  *  (7vtAt1+ttA?v1)/(l+\)8  (11-21) 

If  ex  is  positive,  the  change  in  operational  readiness  is  an  in¬ 
crease?  if  negative,  then  it  is  a  decrease. 


To  determine  Ae  j 
2 

Aea  =  -tfc  exp(-'\ttl£  )AAt 


(11-22) 


where 

\  =  2*i 

V.  -  total  estimated  failure  rate  of  system, 

and 


(11-23) 


7\f  -failure  rate  of  the  ith  element  having  maintenance 
significance,  and 

tt=  2ci  (11-24) 

wnere 


t?»  mean  repair  time  of  system,  and 

t  *  contribution  of  ith  element  to  system  repair  time. 
This  is  approximately 


where 


(XI -2 5) 


t  is  mean  time  to  perform  maintenance  on  ith  element 
failure. 
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and 


t  is  the  time  of.  mission  duration. 

k 

Consider  a  possible  modification  of  the  ith  element  failure  rate 
"K  to  l’ {  and  a  concomitant  change  in  repair  time  t{  to  t" ' i  . 

Let  -  {A  -  V  t )  ,  and 

Atj  ~  (tt  -  t' t ) . 

Identify  AA  with  AA  ,  and  Att  with  At{ . 

Substituting  these  values  into  equation  (11-19)  and  rearranging 
terms 


AE  = 


e.Xi!  l"-S  t‘,  +  t 

u+\  t, ) 8 


exp  (-A,  tk  ) 
__ 

(l+\tt) 


Afct  =!Wi  AAt  +v2  At,  . 


AAt  + 


The  coefficients  of  these  terms  above  become  wx  and  w2 ,  respec¬ 
tively,  zr.d  E  becomes  ,  i.e.,  the  change  introduced  in  system 
value  resulting  from  this  design  alternative,  if  selected. 


6.2  Value/Cost.  Al ternaulve  Matrix 

The  matrix  form  for  value  analysis  of  function  has  its  cost  coun¬ 
terpart  for  hardware  development,  operation,  and  support.  Figure 
II- 2  indicates  ch^  breakdown  of  a  system  into  its  hardware  and 
software  elements  designated  bv  the  item  column.  The  succeeding 
columns  designate  cost  differences  associated  with  a  hardware  or 
software  item  change,  as  reflected  by  selection  of  a  design/ 
support  alternative  being  Incorporated  into  the  system.  At 
all  times,  the  oasis  of  the  analysis  is  differences  in  total 
cost.  The  total  cost  difference  from  an  alternative  appearing 
in  figure  I I -2  should  be  the  same  as  that  appearing  in  figure 
II  1,  ’.he  or ly  dif^orerec  be:ny  cne  of  cost  analysis  structure. 


6. 3  Cost  Decision  Element  Matrix 

In  general ,  it  will  only  be  necessary  to  eval  .ate  the  difference 
between  two  alternatives:  vnert  nors  4  an  two  alternatives  exist. 


l0? 


VALUE/COST  ALTERNATIVE  MATRIX 


Figure  II -2. 
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the  procedure  is  to  systematically  eliminate  the  poorer  choice 
alternative  by  direct  comparison  of  estimated  cost  differences. 

Figure  II-3  illustrates  a  tabular  procedure  for  evaluating  each 
element  of  the  cost  model.  Provision  is  made,  in  figure II -3,  for 
the  evaluation  of  two  alternatives.  Only  the  elements  that  change, 
from  one  alternative  to  the  other,  will  be  required.  Once  two 
alternatives  have  been  evaluated,  the  one  yielding  a  cost  advan¬ 
tage  is  retained,  and  the  other  alternative  is  no  longer  considered. 

7.  COMMENTS  ON  VALUE  MODELS 

The  following  general  observation's  are  based  on  the  preceding 
discussion: 

1,  Any  model  of  the  form 
V  =  ZatXl  /c, 


where  a  is  a  weighting  factor  of  t.  arformance  parameter  xt  and  c 
is  cost,  will  not  suffice  generally  as  a  working  model,  due 
simply  to  the  fallacious  assumption  of  linearity  of  the  weighting 
factor. 

2.  To  avoid  problems  of  dimensionality,  only  one  non -probability 
weighting  factor  can  be  used  for  value  modeling,  e.g.,  resource 
cost  and  its  broad  implications  measured  in  dollars. 

3.  Computation  of  the  rate  of  return  in  value  per  unit  re¬ 
source  cost  invested  will  depend  on  the  particular  alternatives 
being  evaluated.  This  may  require  specific  model  development, 
e.g.,  from  serial  elements  to  redundant  elements  in  the-  reliabil¬ 
ity  model  sense. 

4.  The  cost  incurred  to  achieve  a  specific  value  lies  in  the 
means  of  implementing  the  value,  and  net  in  the  value  per  se. 
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APPENDIX  III 


FUNDAMENTALS  OF  MANNING 


1„  INTRODUCTION 

The  evaluation  of  alternatives  of  system  design,  including 
operational  and  maintenance  concepts,  requires  application  of 
a  standard,  objective  method  for  determing  operational  sup¬ 
port  requirements.  This  appendix  describes  a  method  for  de¬ 
termination  of  support  requirements  to  satisfy  an  objective. 

The  support  requirements  established  include  manning  and  skills, 
and  repairable  spares.  The  objective  is  a  given  level  of  op¬ 
erational  readiness  for  a  specified  operational  schedule. 
Application  of  the  method  provides  support  requirements  in  a 
form  permitting  objective  comparison  of  system  designs  and  of 
alternative  policies  for  maintenance,  which  affect  personnel 
and  spares. 

Emphasis  will  be  placed  upon  the  determination  of  maintenance 
manpower.  Operational  manning  requirements  are  similarly  de¬ 
termined,  except  that  queuing  aspects  of  the  problem  can  usually 
be  ignored. 

2.  OPERATIONAL  READINESS 


The  operational  readiness  of  a  weapons  system  which  comprises  a 
number  of  operational  units,  e.g.,  18  aircraft  per  squadron,  is 
defined  as  the  number  of  on-line  (ready  operational  units 
divided  by  the  total  number  of  operational  units  in  the  system,) 


,_N0  N-D 
‘  N  N  ' 


(III-l) 


where  (NQ )  designates  operational  units  ready, 

designates  operational  units  assigned  to  the  system,  and 

(D)  designates  operational  units  down  for  service. 

This  relationship  may  also  be  expressed  in  te^ms  of  time: 

,  (III-2) 

where  (t)  designates  the  sum  of  the  average  uptime  and  downtime 
of  an  operational  unit,  and  (f-d)  designates  the  average  downtime 
of  an  operation  unit. 


Generally,  an  operational  unit  will  exist  in  one  of  three  states: 


1.  In  operation  for  a  time  (tQ)  per  day. 

2.  Ready  for  operation  for  a  time  (tp)  per  day. 

3.  Down  due  to  corrective  or  preventive  maintenance  (ta) 
per  day. 

States  (1)  and  (2)  have  been  combined  into  "ready  time"  for  the 
present  purpose. 


Operational  readiness  is  used  as  a  performance  measure  for  an 
operational  unit,  or  for  a  number  of  operational  units L  Readi¬ 
ness  itself  is  a  dimensionless  parameter.  Evaluation  c£  a 
system  is  facilitated  by  introduction  of  an  "unreadiness"  para¬ 
meter  ,  (d) ,  defined  as  the  fraction  of  operational  units  down* 
If  operational  readiness  is  expressed  as 


Where  d: 


N^D_ 

N 

D 

W 


D 

“N' 

it  is  evident  that 
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R=l-d. 


A  system  is  comprised  of  a  number  of  subsystems  contributing 
independently  to  system  unreadiness.  Using  "unreadiness”,  these 
contributions  can  be  added  to  determine  system  operational 
readiness: 

R=l-2d{ ,  (IJI-4) 

where  (R)  is  the  operational  readiness  of  the  system,  and  the 
(d^'s  are  unreadiness  contributions  of  the  subsystems. 

Each  subsystem's  unreadiness  contribution  is  a  function  of 
maintenance  personnel  in  terms  of  repair  channels,  and  of  spares 
assigned,  and  the  implied  coots  of  both  factors  are  represented 
by 


d  =f(s ,,  cost?  c ,  cost},  (III-5) 

III 

where  (st )  and  (Cf )  represent  spares  and  repair  channels  assigned 
to  the  subsystem  skill  package. 

Spares  and  personnel  assignment  depend  upon  failure  and  service 
rates,  and  the  relative  cost  of  spares  and  personnel. 


(III-6) 


(A/UfCj  )  ,Ct  =CS  (k,q,St), 

where  (k)  and  (g)  are  failure  and  service  rates. 

Any  change  in  one  of  the  parameters  above  can  be  expected  to 
reflect  itself  into  a  change  in  unreadiness  (dt).  A  change  in 
unreadiness  (Adt)  cam  thus  be  measured  in  terms  of  cost.  This 
permits  tradeoff  of  personnel,  spares,  skill  packages,  etc., 
and  optimization  with  respect  to  operational  readiness  (R) . 

3.  THE  MODEL 

In  order  to  optimize  the  assignments  of  personnel  and  spares,  it 
is  necessary  to  have  a  means  to  evaluate  unreadiness  (dt )  in 
terms  of  failure  and  service  rates  (k,u),  spares  (s.),  and  ser¬ 
vice  channels  (C{ ) . 

The  method  is  based  upon  development  of  ar.  activity  network 
vhich  is  representative  of  the  physical  situation.  The  activity 
network  provides  a  means  of  recognizing  logical  task  allocations 
and  their  impacts  upon  manning.  The  network  will  be  described 
an  terras  of  a  finite  cyclical  queue,  which  describes  a  process 
generally  encountered  in  military,  and  often  in  commercial 
operations,  specifically,  where  the  operation  involves  re¬ 
pairable  machines,  with  which  a  failure  rate  and  a  repair  rate 
may  be  associated.  Figure  Ij.I-1  illustrates  the  behavior  of  a 
system  under  finite  cyclical  queue  conditions. 

The  mathematics  of  the  model  is  based  on  exponential  failure  and 
service  channel  rates. 

Although  seemingly  restrictive  in  nature,  the  model  provides 
accurate  results,  even  in  cases  which  vary  significantly  from 
exponential.  Further,  as  a  practical  matter,  the  error  usually 
associated  with  the  estimate  of  measurable  parameters  required 
will  exceed  the  lack  of  fit  introduced  by  the  degree  of  lack 
of:  fit  of  the  exponential  processes  involved.  Also,  output 
error  is  invariably  less  than  input  error. 

Spares  complement,  {s  ) ,  is  measured  in  whole  units  of  the  sub¬ 
system  population  (S) l  If  the  skid!  package  is  developed  for  a 
black  box,  (a.)  represents  the  number  of  spare  black  boxes;  if 
the  skill  package  has  been  assembled  for  a  complete  aircraft,  (S, ) 
.is  spare  aircraft.  This  ia.  of  course,  only  an  approximation 
to  the  real  spares,  but  since  sparing  will  really  be  done  at  a 
lower  level  of  assembly,  the  estimated  contribution  of  spares 
to  operational  readiness  i**  conservative. 

Operational  manning  requirements  are  normally  determined  upon 
the  basis  of  position  descriptions  rather  than  analysis  of  fluctua¬ 
ting  workload. 
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III-l*  FINITE  CYCLICAL  QUEUE 


4.  PIPELINE  PERSONNEL  AND  BACKUP  FACTORS 

From  the  foregoing,  the  number  of  personnel  required  to  perform 
work  in  satisfaction  of  operational  readings  can  be  determined. 
This  count  is  based  upon  available  personnel,  and  must  be  modi¬ 
fied  to  account  for  sick  leave,  furlough,  etc.  This  adjust¬ 
ment  factor  is  0*20  times  the  direct  manpower  by  skill  level, 
and  is  additive.  This  factor  is  derived  from  AFM  26-1. 

The  military  manpower  problem  ic  peculiar  in  its  high  turnover 
rates  of  experienced  personnel,  resulting  from  discharges,  re¬ 
tirements,  and  promotions.  This  necessitates  placing  a  signifi¬ 
cant  number  of  personnel  £n  training  for  required  positions. 

These  personnel  additional  to  basic  system  requirements  are  de¬ 
signated  pipeline  personnel. 

In  most  technical  fields,  there  is  a  series  of  skill  levels, 
viz.,  1,  3,  5,  7,  and  9,  representing  increasing  amounts  of  skill, 
knowledge,  and  responsibility.  Typically,  the  technic. ?n  ad¬ 
vances  a  level  at  a  time  to  the  highest  level,  with  training 
and  the  passage  of  time  being  prerequisites  for  each  step. 
Consequently,  in  order  to  have  men  continuously  in  the  highest 
level,  there  must  be  a  steady  upward  flow  from  the  lower  skill 
levels  to  replace  those  discharged.  Only  a  small  portion  of 
the  qualified  men  starting  out  in  a  field  reach  its  high  skill 
levels;  concomitant  with  this  progression  is  a  progression  in 
grade  (rank) ,  pay,  and  privileges.  In  the  succeeding  analysis, 
the  concern  is  to  establish  the  total  number  of  personnel  re¬ 
quired  in  A  ^.'"onnel  inventory  in  order  to  maintain  a  spacified 
number  of  qualified  personnel  assigned  to  a  given  system. 

The  personnel  lost  per  year  in  a  specific  skill  field  (fc)  and 
skill  level  (i)  consists  of  the  following: 

1.  Discharged 

2.  Retired  (Rlk). 

3.  Promoted  <PSV). 

4.  Transferred 

*?,  can  resent  either  a  gain  or  loss  to  the  system. 

the  '•otal  personnel  leaving  a  skill  designation  (ik)  per  year 
can  re  represented  Lv: 
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(Ill  -7) 


*V«  I* +I*1  Italic  +Ptk  * 


Steady  State  Personnel  Required  by  a.  Specific  System 

For  designation  (lk),  all  personnel  leaving  this  designation 
must  be  replaced  through  promotion  from: 


(III-8) 


**Using  this  basic  relationship,  the  recurrence  equation  f  r 
a  specific  skill  field  becomes: 


Pk2sPo-f(D-+R«+Ttt)-  (III"9) 

The  significance  of  (P0 ) is  that  it  represents  th's  umber  of 
personnel  to  be  brought  into  basic  training  to  support  the  per¬ 
sonnel  of  a  given  system. 

Let 


g,=  personnel  required  in  each  skill  level,  I or  a  given 
field,  as  determined  by  manning  analysis  to  achieve 
system  operational  requirements. 


lt~  the  yearly  rate  per  person  of  personnel  leaving  this 


A 

skill  level  (,). 

Then, 

1.=  — ' 

(III-XO) 

1 

and 

n  -  Ps 

Pi  gt  • 

(III-ll) 

the  rate  per  person  of  personnel  being  promoted  from  the  { ith) 
skill  level  per  year. 


Suppose  a  system  manning  analysis  establishes  that  the  Table  of 
Organization  (TO)  for  personnel  requires  {g* ) ,  (gs ) ,  (g8),  and 
(gi)  personnel  in  the  respective  skill  levels.  To  have  a  self- 
sustaining  personnel  system,  vi,,. ,  one  that  produces  sufficient 
skilled  Personnel  from  a  level  co  replace  those  leaving  the  next 
in  highest  skill  level,  the  aquation 

must  be  satisfied.  In  general .  these  equations  will  not  be 
satisfied  for  a  <  wen  system.  Thus,  in  general, 

c.ty  {IIi-12) 


IM 


(III-14) 


this  requires  that  somewhere  in  personnel  inventory  there  must 
bo  f VJj  _x)  additional  personnel,  so  that 


9.1.  =  <9l  -i+4S,  >P.  .!*?' ,  .iP«  -i 

Transposing  and  adding  to  subscripts, 

and 


(III-15) 


(III -16) 


(111-17) 


and  so  forth,  stopping  at  each  primed  {qi )  which  yields  the  lar¬ 
gest  number.  Therefore,  in  establishing" total  system  personnel 
requirements,  the  number  of  people  charged  to  the  system  in  any 
skill  level  will  be  the  greatest  value  of  (g  )  and  the  primed 
gt '  3  starting  with  the  manning  analysis  as  represented  by  the  TO. 

Example  1 

Let  g* ,  g3 ,  ga ,  and  gx  designate  the  required  skill  complement 
as  determined  by  a  work  analysis.  The  total  number  of  persons 
needed  to  fill  these  requirement.-!  will  be  determined  from 
equations  III-16  and  ill-17  . 

Suppose  the  following  data  are  available: 


9*  *20 

1  =0.30 

P4=Q.00 

lg=0.40 

pa=0.30 

9-100 

13=0,85 

P3=0.10 

g^so 

1^0.98 

Pl=0.95 

iP 

a 

It 

O 

1  =0.99  ' 

0 

p3=0.98 

Applying : 


the  results  ares 


(III-16) 


g',-20 

g'a  =  (l60)  as  opposed  to 

g'^OO) 

g'  -O0) 


9^(20) 
ga=(4C) 
g  =100 
9^30 


*■•"■**«***  a«r.* 


The  larger  number  of  persons  is  in  brackets.  Then  applying 
equations  111-16  and  111-17  successively,  and  always  choos¬ 
ing  the  largest  number  of  persons,  the  following  data  are 
obtained: 

work  Analysis  To  be  Supplied 


94=20 

g3*40 

ga=ioo 

gx=3o 

g  =o 
0 


•  VV60 
i-,-gl«ii4 

9"!-  g  =144 
0  o 


Total  l90“ 


Stated  in  words,  i‘or  every  group  of  190  persons,  as  determined 
by  work  requirements  assigned  to  the  system,  an  additional 
group  of  318  must  be  supplied  to  ensure  skill  stability,  making 
the  total  number  of  persons  required  to  man  the  system  actually 
508. 


The  following  rates  are  representative  of  an  existing  Communica¬ 
tions  and  Electronics  Squadron: 


3*  =14 

14=0.08 

p4=0.00 

g3=48 

la=0.15 

p3=0.8 

ga=ioe 

ls=0.45 

pa =0.05 

9^26 

1  =0.50 
,  * 

pi=0.40 

g0=o 

lo*0.99 

p0=0.98 

Using  the  TO  as 

a  basis  for  calculation: 

9*  =14 

g4=14 

l 

g3=43 

9, =48 

l 

g„ =106 

as  opposed  co 

g'=144 

1 

gt=26 

g"=162 

1 

gn”?  — . 
Total  194 

9  0*83 
5Tl 

Roughly,  the  personnel  system  requires  cwice  as  many  personnel 
as  can  be  actively  employed,  to  ensure  a  trained  reserve. 

Two  fairly  obvious  features  are: 

a.  Reduction  in  level  three  and  level  four  capability 

has  a  significant  effect  upon  level  two  personnel. 

This  is  indicative  of  the  fact  that  the  higher  skill 
levels  are  most  likely  not  to  be  filled. 

b.  The  critical  skill  level  is  level  two,  in  which  a  high 
discharge  rate  occurs.  This  level  also  consists  of 
independent  workers.  A  small  change  in  the  retentivity 
rate  of  this  level  would  have  manifold  benefits. 

For  example,  suppose  the  leaving  rate  (12)  in  the  example  above 
were  changed  from  .45  to  .30,  an*'  (pa )  from  .05  to  .10  per  year. 
Then  the  new  requirements  would  be 

14 

g3=  48 
g  =106 
.I-  eo 

s.-  41 

Total  =289  * 

as  opposed  to  the  TO  of  194  and  the  requirement  of  451  pre¬ 
viously  determined  for  steady-state  maintenar.ee  of  the  personnel 
structure.  The  resultant  saving  of  162  man  years  per  year  could 
be  invested  to  secure  the  retentivity  requirements.  In  addition, 
significant  savings  would  be  realized  through  better  trained 
personnel . 

5.  TABLES 

Tables  have  been  developed  to  assist  in  determining  the  number 
of  direct  personnel  required  to  satisfy  operational  readiness 
requirements  (Tables  for  Determining  System  Manning  and  Related 
Support  Requirements,  AMRL-64-X29- 

These  tables  incorporate  the  following  parameters: 


Tabular  Entries 
C“  Humber  of  service  channels. 

N=  Maximum  number  of  units  which  day  demand  service  at  a  particu¬ 
lar  instant. 

s=  Number  of  spare  units  Which  may  replace  units  being  serviced 
or  awaiting  service. 

P=  Utilization  factor  {\/&) , 

where 

X=  Rate  of  demand  of  one  unit  ( failure  rate), and 
Service  rate  of  one  channel. 

Output 

Two  quantities  are  the  output  of  the  tables  as  follows; 

d=  Mean  number  of  failed  units,  per  B,  for  Which  no  spares  (a) 
are  available. 

-Mean  number  cf  units,  per  n+s,  either  awaiting  or  undergoing 
service. 

Defined  Quantities 

D  =  Mean  number  of  failed  units  for  which  no  spare  is  avail¬ 
able,  and 

=  dN. 

Nd=  Mean  number  of  units  either  awaiting  cr  undergoing  service, 
and 

=  n, (N+s) f 

R  =  Operational  readiness,  and 

vmere 


-  Mean  number  of  units  operating, 

-  n-<2N  =  N(l-d) 


Derived  Quantities 

Two  identities  listed  below  are  the  basis  for  derivation  of 
other  pertinent  quantities  necessary  to  establish  system 
measures.  They  are: 

Na=WKV  (III-19) 

Cb=N0P.  (111-20) 

This  identity  states  that  the  mean  number  of  busy  channels,  (C*), 
is  equal  to  the  mean  number  of  units  operating,  (BL) ,  multiplied 
by  the  utilization  factor  (P) .  This  identity  may  be  established 
by  considering  the  following: 

In  a  steady  state  there  exists  a  finite  queue  length. 

In  order  to  maintain  a  stable  mean  queue  length,  the 
number,  of  units  entering  the  queue  must  be  equal  to 
the  number  of  units  leaving  the  queue.  The  mean  num¬ 
ber  of  units  arriving  to  the  queue  is  equal  to  N0?^. 

Also,  for  steady  state,  the  mean  number  leaving  service 
(llC^ )  must  be  equal  to  the  mean  nr  nber  of  units  leaving 
the5  queue .  Thus, 

(III-21) 

or 

C^=NoP.  (III-22) 

The  following  quantities  can  now  be  derived,  using  the  definitions 
established  above: 


W  -  Mean  number  of  units  awaiting  service,  and 


s0=  Mean  number  of  units  operable  but  not  operating,  and 
=  s+D-N4 . 

t„=  Mean  waiting  time  for  service  (in  queue) ,  and 
=  W/|iC„. 

t.  --Mean  waiting  time  in  waiting  and  service,  and 
* =t„+l/u. 

t  =Mean  downtime,  waiting  for  replacement  of  a  failed  unit. 
’  =D/uCb-  d(Mi-d). 


Format  of  Tables 

The  tabular  format  is  based  on  anticipated  use  of  tables.  Two 
parameters,  (N)  and  (2) ,  are  required  to  locate  each  specific 
table  within  the  range  covered,  within  each  specific  table  are 
two  additional  locators:  service  channels  (C  -  columns)  and 
spare  units  (s  -  raws) .  For  combinations  of  (C  and  (s),  there  are 
two  output  entries;  these  are  £&  the  fraction  of  units  inoper¬ 
able  in  excess  of  spares  and  (ntf ) ,  the  fraction  cf  the  total 
number  of  units  down. 

The  effect  on  the  output  entries  (d,nn)  of  changing  either  (C) 
for  a  given  (s),  or  (s)  for  a  given  (C) ,  may  be  read  directly  in 
sequential  order;  viz.,  across  a  row  for  (C)  and  down  a  column 
for  (s) „  A  particular  advantage  x*  that  for  a  specified  com¬ 
bination  (C,s)  the  maximum  rate  of  change  in  the  (d,n4)  may  be 
immediately  determined  from  the  difference  in  value  between 
present  value  of  (d)  and  (na )  and  that  obtained  from  the  adja¬ 
cent  row  and  column.  The  format  of  the  basic  tabular  entries 
follows: 


Perhaps  the  most  important  characteristic  of  this  format  is  that 
it  permits  a  visual  evaluation  of  the  effect  or  changing  (si  and(C), 
individually,  or  in  combination.  Given  coat  estimates  of  a  ser¬ 
vice  channel  increment  and  a  spare  unit,  simple  cost  analysis 
may  be  performed  directly  from  the  tables. 

Example  -  Evaluation  of  Operational  Readiness 

Two  equipments  may  be  operated  as  follows:  one  on-line,  and 
one  off-line  as  a  spare.  A  maximum  of  two  service  channels 
(repair  crews)  should  be  available.  The  failure  rate  per  equip¬ 
ment  is  0.1/hours.  The  service  rate  per  channel  is  1.0/hcurs. 

The  tabular  parameters  are,  therefore, 


N=l, 


P*.l, 


0=1 . 2 ,  and 


s  =1 . 

Turn  to  the  section  of  the  table  with  N=*l  and  P=.  100000. 
(This  part  of  the  table  is  reproduced  below.) 


N=  1  P=  .10000 
Cl  2 

S 

^  .091 
.091 

1  .009  .005 

.054  .050 

2  .001 

.037 


Peed  off: 


d  =d,  , 

1,1 

--d 

1,2 


009 

005, 


(III-23) 


then 


R^-R^.991 

-.995, 


(III -24) 


143 


Suppose  the  spare  required  three  minutes  (t=.Q5  hours)  to  go  into 
action  upon  failure  of  other  equipment.  The  time  would  detract 
f roa  the  computed  operational  readiness  by  an  amount  (At) .  Assume 
a  total  possible  on-time  of  (tf),  then  the  time  the  equipment  is 
down  (neither  the  equipment,  nor  the  spare,  on-line)  is 

t  =dNt' (1-dN) (At) ,  (III-25) 

4 

then 


R'  =  (t'-td)/t' 


(III-26) 


=  (1-dN)  (1-At)  . 

Calculating  the  revised  operation  readiness, 

Rj  =  (.991)  (.995), 

=.986. 

Pv  =  (.995)  (.995), 


=.990. 


6,  OPTIMIZATION  ROUTINE 

For  any  system,  maintenance  may  be  performed  at  a  number  of 
locations.  At  each  location,  a  number  of  subsystems  may  be 
maintained,  with  individual  manning  and  spares  complements  de¬ 
termined  through  exercise  of  the  optimization  procedure-  illu¬ 
strated  in  figure  III-2.  An  example  of  application  is  in  section 
7.2  of  this  appendix. 

The  nu*nnirg  procedure  developed  below  is  biased  conservatively. 
That  is,  it  tends  to  underestimate  the  operational  readiness 
level  resulting  from  a  particular  manning  scheme.  However,  re¬ 
sults  from  the  field,  based  upon  investigation  of  the  technique's 
validity,  establish  that  the  p roc ecu re  estimates  manning  at  lower 
levels  than  typical  T.  0.  establishment. 

These  differences  result  directly  from  differences  in  the  techni¬ 
ques  employed.  The  technique  described  in  this  report  achieves 
conservative  results  through  consideration  of  manning  require - 
men  :s  as  resulting  from  completely  random  processes.  This  is 
not  strictly  the  case,  since  there  is  some  control  exercised  in 
scheduling  work.  Existing  methods  for  establishing  manning 
T.  O.'s  are  intimately  dependent  upon  design  similarities^  and 
operational  environment  and  urage.  They  do  not  deal  directly 
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with  the  interrelations  between  the  design  and  its  application 
nor  with  pipeline  personnel  in  its  relationship  to  the  other 
factors. 

In  point  of  fact,  no  analytical  manner  exists  which  is  capable 
of  combining  all  of  the  potentially  significant  task  charac¬ 
teristics.  In  general,  however,  certain  characteristics  will 
always  tend  to  predominate.  These  form  the  basis  of  the  pro¬ 
cedure  which  is  outlined  below,  and  developed  more  fully  through¬ 
out  this  appendix. 

In  principle,  estimation  of  manning  requirements  as  a  function 
of  design  parameters  and  operational  requirements  is  relatively 
simple.  The  procedure  consists  of  the  followings 

a<  Estimate  reliability  and  repairability  of  hardware 
items  in  their  operating  environments. 

b.  weight  reliability  and  repair abil ity  with  required  usage 
capability  to  determine  the  frequency  of  demand  for  service  and 
the  associated  workload. 

c.  Allocate  hardware  items  to  skill  packages.  This  con¬ 
sists  of  combining  work  elements  having  commonality  of  charac¬ 
teristics; 

{1}  Common  work  location. 

(*)  Common  technical  knowledge 

(3)  Common  tools  and  test  equipment.. 

From  these  characteristics,  the  skill  speciality  field  is 
established. 

d.  Eased  upon  the  foregoing  knowledge,  estimate  the  num¬ 
ber  of  personnel  of  each  skill  level  required  to  perform  simul¬ 
taneously  on  the  tasks  comprising  each  skill  package.  This 
grouping  of  personnel  ip  the  skill  team,  or  service  channel. 

{NOTE:  Generally,  level  5  personnel  constitute  independent 
workers,  and  level  7  are  work,  programmers  or  supervisors.  Level 
3  personnel  work  under  the  direction  of  levels  5  and  7,  to 
accomplish  less  complex  tasks) . 
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e.  Use  the  Manning  tables  described  previously  to  optimize 
the  relationship  between  service  channels  said  spare  to  satisfy 
operational  readiness  requirements.  Apply  backup  and  pipeline 
requirements. 

Work  requirements  are  separated  by  demand  type  and  priority. 

(1)  Random  or  scheduled  demand 

(2)  Primary  or  secondary  priority 

Random  and  scheduled  demands  are  frequently  associated  with 
primary  and  secondary  priorities#  respectively.  If  random  and 
scheduled  demands  both  have  primary  priorities#  they  are  grouped 
into  the  same  skill  packages  and  treated  as  random. 

The  capability  for  secondary  workload  is  established  by  comput¬ 
ing  idle  time  available  from  primary  work  requirements  as  des¬ 
cribed  in  paragraph  8.1  of  this  appendix.  If  available  idle 
time  exceeds  the  secondary  workload,  then  no  additional  person¬ 
nel  are  required.  If  additional  personnel  are  required#  re¬ 
examine  the  tradeoff  between  service  channels  and  spares. 

Total  personnel  requirements  for  the  system  (ZGj* )  consist  of 
the  aggregate  of  subsystem  skill  assignments  by  location,  as 
determined  through  optimization.  Consideration  is  given  for 
contingency  plans  or  self-sufficiency  requirements#  which  might 
require  separability  of  skill  packages  into  smaller  units  (as 
for  separation  of  a  self-sufficient  squadron  from  its  group  or 
wing) .  A  block  diagram  of  the  overall  manning  procedure  is  shown 
in  figure  TII-3. 

7.  STANDARD  TRADEOFF  PROBLEMS 

The  application  of  the  manning  procedure  will  involve#  in  general# 
specific  standard  tradeoff  problems ,  The  more  important  standard 
tradeoffs  are  exp  3 ored  in  the  following  applications  of  the 
technique. 
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Inputs  to  Program 

Specif lad  Par ante re: 

Each  of  these  parameters  may 
be  arbitrarily  changed  to 
evaluate  the  effect  on  mann¬ 
ing  requirements 

K®  Operational  Units 

-Operational  Readiness  Re¬ 
quired 

Working  Shift  Duration 

Number  of  Operations  Per 
Shift  (if  not  continuous 
capability) 

Usage  Duration  Per  Operation 

Measured  or  Predicted  Para¬ 
meters: 

Failure  Rate  of  subsystem 
Repair  Rate  of  3ybsyatem 
(assigned  to  skill  pack¬ 
age  type  per  operational 
unit) 

Scheduled  Workload  Per 
Channel  Per  Operational 
Unit. 

Secondary  Workload  Tasks 
Assigned  to  the  Skill 
Package 


fikill  PnAmam*  **jO*  Are*  Ot 

SkUl  Prckagea  ty,sigTJ 

Establish  Utilisation  Factor 
For  Each  fikill  PyfaMBL _ 


Compute  Lower  Bound  on 
Repair  Channels  (C)  j 
Spares  (s) 


Make  Initial  Calculation 
of  Operational  Readiness 
R  [goal  is  1^) 

- ■  ■  ■  ■  -  — j- .  - 

Sensitivity  Check 
By  Changing  Pattern 
Demand,  Skill-Pack¬ 
aging,  Skill  Level, 
k,M-»  Stilts,  and 
^  other 

Select  F  otiunaxa  AR/c^  For 

First  Additional  Repair 
Channel  and/or  Spar® 

I  note :  Apply  Personnel 
Backup  Factor 

_ _ and  Pipeline  re- 

Corapare  for  R>Ro  jquirements 

Repeat  Previous  Step 
Until  Achieved 


Compute  Total  Pe  r  sonns  1  /Re  -  ~j 
quired  By  Skill  &nd  Spares  j 
by  Type  for  All  Shifts  (££G{  )  ! 


Figure  IXI-2  Optimization  Routine:  Flow  Chart  Surer .ar / 
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Develop  Operational 
Performance  Require¬ 
ments  of  the  System 


tify  System 
Function.  and 
Subsystems 


Develop  Support 

Organization 

Structure 


Operational  Capabilit 
Operational  Readiness 
i*>lf -sufficiency 


Identify  Black 
Boxes  and  Rain* 
tenanca  Tasks 


Schedules  mid  Moik 
Schedules 


Determine  Demand 
Rates  for  Opera¬ 
tional  and  Main¬ 
tenance  Tasks 


Develop  Career  Field 
and  Skill  Level  Re¬ 
quirements 


Compute  Personnel 
Compute  Back-up 
Personnel  (XZEGj  J3t ) 


Establish  Downtime 
Contributions 


Perform  Trac~of f n 
of.  Operational  Readi¬ 
ness,  Personnel 
Spare,  Cost 


I 


Compute  Operational 
Readiness  j 


Schedule  Maiming 


Figure  III -3.  Banning  Routine  Block  Diagram 


7 . 1  Multi-shift  Schedule ,  Pipeline  Personnel  and  Backup 
Factor  Application  "" 

System  Manning  -  A  shop  responsible  for  overhaul  of  jet  engines 
will  be  considered  for  a  wing  of  40  four -engine  aircraft. 
Periodically,  after  a  given  number  of  houre  of  flying  time,  all 
four  engines  are  removed  and  replr*~*d  from  ready  spares,  if 
available. 


The  overhaul  operation  requires  one  man  of  skill  level  (7)  and 
one  of  skill  level  (5) . 

The  basis  for  consideration  of  multi-shift  operation  is 
recognition  of  the  necessity  for  a  common  time  base  for  demand 
and  service  rates.  In  this  example,  because  the  operational 
and  maintenance  schedules  are  on  five-day  weeks,  a  daily  basis 
for  failure  end  repair  rate*  is  suitable.  A  two-shift  main¬ 
tenance  schedule,  however,  provides  twice  as  much  repair  time 
per  day  as  a  single  shift  schedule.  This  results  in  a  utiliza¬ 
tion  factor  (P)  fer  two-shift  maintenance,  corresponding  to  one- 
half  the  one -shift  value  (see  paragraph  8) . 

The  utilization  factor  is  given  at  (p^.lG)  tor  two  shift  main¬ 
tenance,  and  (Pa  =  .20)  for  one  shift. 

The  operational  readiness  levels  to  be  investigated  are 

90),  (Rb^.SS),  and  (R3=.98)«  The  table  below  gives  combina¬ 
tions  of  maintenance  teams  (C)  and  sets  of  engine  spares  (s) , 
satisfying  (Ri),  (Re),  and  (Rs),  re  spectively  (uhaee  are  obtained 
from  the  queuing  tables  N=40,  P=.l  and  P=.2), 


TABLE  III-l 


Two  Shift 

C_ 

s 

C 

a 

C 

3 

P  =.l 

6_ 

0 

7 

2 

7__ 

4 

5 

1* 

6_ 

3 

6 

5* 

4 

4 

5 

4* 

5 

7 

3 

14 

4 

13 

4 

16 

One  Shift 

12 

4 

13 

j 

13 

9 

P  =.2 

9 

5 

10 

7 

11 

10 

8 

7 

9 

i 

9 

10 

11 

7 

8 

16 

9 

is 
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Assume  that  the  annual  cost  of  a  repair  channel  equals  the 
annual  cost  of  a  spare  set  of  four  engines.  Vo  find  the  mini¬ 
mum  cost  for  each  (R) ,  it  is  only  necessary  to  find  the  mini¬ 
mum  tot?!  of  (C+s) . 

These  values  are  indicated  above  by  underlined  entries.  The 
(C)  entry  must  be  multiplied  by  the  number  of  shifts  to  ob¬ 
tain  total  cost.  The  optimum  policy,  which  is  indicated  by  an 
asterisk,  call  for  two  shifts,  in  ail  cases. 

An  adjustment  to  each  repair  channel  must  be  performed  to  com¬ 
pensate  for  sick  leave,  furlough,  etc.  (this  is  taken  to  he  0.2, 
see  appendix VIXl) .Additionally,  personnel  are  required  in  the 
system  tc  replace  other  personnel  leaving  due  to  discharge,  etc., 
as  a  stable  personnel  system  is  required.  To  achieve  this, 
suppose  that  the  number  of  men  at  skill  level  (5)  must  be  equal 
to*  or  greater  than,  that  at  level  (7).  For  every  two  (5)  level 
personnel,  one  (3)  skill  level  person  and  one  trainee  are  re¬ 
quired.  Since  the  repair  team  consists  of  one  each  at  levels 
(7)  and  (5)  skill,  no  additional  (5)'s  are  required.  However, 
for  each  (5)  level,  one  additional  man  is  required,  i.e., 

1/2  (3) -level,  1/2-trainee  (T) . 

Requirements  for  optimal  policies  are  tabulated  below. 


TABLE  II I -2 


-.90 

95 

R3=- 

98 

Skill  Level 

7 

5 

3 

T 

7 

5 

3 

T 

7 

5 

3 

T 

Personnel 

10 

10 

5 

5 

in 

10 

5 

5 

10 

10 

5 

5 

Adjust  by  .2 

2 

2 

1 

1 

2 

2 

1 

2 

2 

1 

1 

Total 

12 

12 

6 

6 

12 

12 

6 

6 

12 

12 

6 

6 

resource  Cost  11  units  14  units  17  units 

In  the  examples  which  follow,  pipeline  personnel  and  backup  are 
not  considered. 


7.2  Application  of  the  Optimization  Technique 

A  standard  operation  in  military  and  industrial  operations  is 
the  periodic  calibration  of  test  equipment,  and  repair  and  re¬ 
calibration  of  failed  test  equipment,  Suppose  a  type  of  test 
equipment  is  required  to  be  calibrated  every  month  (x^30  days). 
These  test  sets  are  used  by  10  repair  teams  (N-10) .  It 
10  days  for  the  calibration  or  the  repair  and  recalibracion 
action  (y*10  days.).  The  teet  set  has  a  n<ean  time  between  failure 


of  6  months  (t'»280  days) • 

A  tactical  requirement  is  that  8  of  the  10  repair  teams  must  be 
operable  (N  *8) .  It  is  possible  to  vary  the  number  of  service 
channels  (Q  and/or  the  number  of  spare  teat  sets  («)  to  satisfy 
the  tactical  requirements. 

Before  using  the  tables,  it  is  necessary  to  determine  (P) .  Let 
the  mean  arrival  rate  of  a  test  set  into  the  repair  shop  be 
approximated  by 

>.-t'/[x(t'-3l/2)]?  t*>x  (III-27) 

and 

H*lA* 

so  that 

“.364, 

-.350. 

Turn  to  the  section  of  the  table  with  (N»10)  and  (P“. 35000). 
Indicated  below  are  the  possible  combinations  of  £)  and  p) to 
satisfy  the  tactical  requirement  (N «8) : 

s 

5  or  more 
2  or  more 
1  or  more 
1  or  more  • 

It  may  be  of  interest  to  determine  a  least  cost  method  of  ac- 
chieving  N0  in  the  preceding  example. 

Let  the  total  cost  equation  be 


C 

3 

4 

5 

6 


*If  A*l/x,  the  quantity  would  correspond  to  mean  arrival  rate 
for  calibration  only. 
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«*Lb*Ce  (W-s)  f , 
where 


(III-28) 


a*  Total  coat, 

b»  Coat  of  a  repair  teaac,  a«g.,  $25, 000 /ye  ax, 

e*  Coat  of  a  ca?  ibrat ion/repeir  channel*  e.g. . 

$5,00C/year,  and 

f*  Coat  of  a  test  sat,  e.g. ,  $1, 000 /year. 

All  are  expressed  in  cost  per  unit  time.  It  is  known  that  H>H0, 
C>1,  and  £^0. 

The  change  in  the  total  expected  coat  per  change  in  number  of 
repair  teams  is 

Zh^b+f,  (III-25) 

Where  the  associated  change  in  number  of  repair  teams  is  symbol¬ 
ized  by  AH 

•*  0  — a 

Similarly,  for  calibration/repair  channels, 

Aec~e  (III-30) 

and  AH  , 

o  — c 

and,  for  spare  test  equipments, 

Af  f  *  f  (III-31) 

and  A5L 

o  — « 

Starting  from 

ax  *» (Fo+l) ot3er {Ho+i) f ,  (III-32) 

compute  ,  ANQ  _e ,  and  ANQ  _f  ,  using  the  numbers  from  example  2. 


For  a  change  in  the  number  of  repair  teams, 


S*9 

P-.35 

03 

s=0  dx».302 

S=  0 

P^.35 

03 

8=0  d  =.319 

B 

i^N 

0  —ft 

***b-*i\ 

(111-33) 

=.528  . 

For  a 

change 

in  tha 

number  of  calibration/repair  channels. 

N*9 

P-.35 

03 

a=0  da=.302 

H=9 

P=®35 

04 

c=0  d4».266 

ANr_a 

=d  -d 

3  * 

(III-34) 

=.034  .. 

For  a 

change 

in  the 

number  of 

spare  test  equipments. 

S=9 

F-.  35 

03 

s=0  d  =.302 

D 

N=9 

P=.35 

03 

s=l  d8=.247 

AN 

0  —I 

■a. 

(III-35) 

=.055. 

Forming  the  ratios  as  follows 

/ici  /(btf)=2.03xl0"5, 

0 

ANfl  o/e=6.8xl0-^,  and 
ANQ_f/f=5.50xl0~5, 

choose  the  ratio  ANQ  /f  as  representing  the  maximum  incremental 
return  per  unit  cost  Investment.  Stated  in  another  way,  if 
(N=9) , (0.1) •  and  (s»0) ,  the  least  costly  action  is  to  increase  s  by  1, 
in  order  to  approach  the  tactical  requirement  of  8  out  of  10 
active  repair  crews. 

The  reference  point  of  the  second  computation  cycle  is  established 
by  the  selection  made  by  means  of  the  first  cycle,  viz.,  increase 
(s)by  1.  The  table  below  shows  the  result  of  carrying  through 
this  analysis. 
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Computation 

Cycle 


Start 

1 

2 

3 

4 

5 

Stop 


n  Technique n  to  Two  Levels  of  Maintenance 


The  tables  are  exact  for  one  level  of  maintenance.  However,  a 
very  good  approximation  to  the  manning  problem,  on  two  levels  of 
maintenance,  can  be  made  ur irg  the  tables.  Alternative  proce¬ 
dures  to  be  used  are  given  in  succeeding  paragraph*. 

Typically  in  the  united  States  Air  Force,  a  weapons  system,  such 
as  an  all  weather  fighter  -  interceptor,  will  depend  upon  a  number 
of  distinct  naincenance  shops  to  maintain  it  in  a  state  of  opera¬ 
tion  or  readiness.  For  the  most  part,  these  shops,  along  with 
the  particular  subsystems  they  support,  will  independently  con¬ 
tribute  unreadiness  to  the  weapons  system.  Furthermore,  a 
shop  may  be  dependent  upon  a  secondary  shop  for  support,  e.g., 
flight  line  team  performs  maintenance  by  replacement  of  a  black 
box,  aid  the  faulty  black  box  is  repaired  by  a  maintenance  shop 
team.  The  personnel  are  assigned  to  either  location,  dependent 
on  skill  capabilities. 

Consider  a  subsystem  having  a  failure  rate  of  .1  per  hour 
(>>=.1) ,  and  a  repair  rate  oi  1  per  hour  in  flight  line  mainten¬ 
ance  (41=1),  and  a  repaid  rate  of  .5  per  hour  in  the  maintenance 
shop  (4a=.5).  There  are  25  operational  aircraft,  vtaich  means 
that  at  most  25  subsystems  could  he  operated  simultaneously 
(N=25) . 

It  is  desired  to  determine  what  combinations  of  flight  line  main¬ 
tenance  teams  and  maintenance  shop  repair  channels  will  satisfy 
the  requirement  that  the  mean  number  operable  will  be  16,  (No«18). 

Approach 

A  general  approach  which  is  applicable  to  multi-echelon  support 
systems  is  to  use  a  probabilistic  activity  network  to  estimate 
the  service  time.  This  method  permits  accounting  for  travel, 
time  to  acquire  test  equipment,  and  logistic  waits.  (Sea  paragraph 
9.3  for  an  application  of  this  technique). 


The  following  three  approximation  techniqu.es  may  he  used,  and 
depending  on  circumstances,  one  will  usually  he  a  better  fit 
than  the  others  to  actual  maintenance  policy. 


a.  Assume  the  maintenance  shops  contribute  independently 
to  down  subsystems.  Since  the  number  of  down  units 
will  be  the  sum  of  the  down  contributions  for  the 
flight  line  teams  and  the  maintenance  shop  repair 
teams,  any  combination  of  Di+Da <D-NQ  will  satisfy  the 
system  requirement.  This  approach  is  satisfactory 
when  N0v>Dx+D2  , 

b.  Based  on  N,  determine  the  average  v»?it  for  the  black 
box  repair  cycle.  Adjust,  accordingly,  the  amount  of 
time  the  flight  line  team  spends  to  replace  the  black 
box.  This  approach  will,  in  general,  provide  a  good 
estimator  of  system  behavior,  presuming  the  flight 
line  team  stays  with  one  subsystem  until  restored  to 
operation. 

c.  Assume  that  the  effect  of  the  second  level  of  mainten¬ 
ance  is  to  reduce  the  number  of  cperable  subsystems  which 
the  flight  line  maintenance  teams  will  service.  The 
initial  computation  is  made  ignoring  the  flight  line 
maintenance  teams.  Adjust  the  maximum  number  of  units 
the  flight  line  teams  will  be  rec[uired  to  support. 
Calculate  the  number  of  units  dovm,  based  on  this 
adjustment. 

Each  of  the  approaches  may  be  extended  to  include  the  cost  op¬ 
timization  procedure. 

It  is  of  interest  to  note  that  although  the  assumptions  vary 
widely  for  the  specific  approaches,  the  results  are  quite  simi¬ 
lar. 

Approach  1  (Independent  Shops) 


let: 


N=25  No=18  Hi =1.0  h8=.5  k=„l 


then 


The  following  tables  are  derived: 


(^“Flight  line  teams 


The  combinations  of  Di+DgOi-No  providing  feasible  solutions 
to  meet  the  operational  requirements  are 


Ci  Cg 


4  or  more  6  or  more 

If  a  cost  difference  exists  between  flight  line  and  maintenance 
repair  teams,  the  election  should  be  based  on: 

Min  [a=a,  C  +a  C,  ];  D  +D.<N-N  ,  (IIX-36) 

ii  a  a  l  a —  o 

vftiere  ax  and  as  are  the  cost  of  a  flight  line  and  maintenance 
repair  team,  respectively. 

Approach  2  (Changing  E) 

In  this  approach,  the  waiting  tine  by  the  flight  line  teams  to 
acquire  an  operable  blrck  box  from  the  maintenance  shop  is  first 
computed.  Using  tablet  (N=25)  and  (P£=, 20000),  the  following 
values  can  be  read  off  for  (rv  > ,  and  the  rest  of  the  entries  are 
derived  from  (n  ) . 


ca 

4 

5 

6 

7 

8 

V* 

.264 

.201 

.178 

.170 

.168 

Nd  a 

4  ,a 

6.60 

5.02 

4.45 

4.25 

4.20 

3.68 

4.00 

4.11 

4.15 

4.16 

*... 

1.59 

0.51 

0.17 

0.05 

0.02 

t 

_ IL-i! _ 

3.59 

2.51 

2.17 

2.05 

2.02 

The  value 


jij  is  adjusted  Cit* a  > 

to  condensate  for  t^  # 

tx  , 

(IIX-37) 

t'=t+t  0 , 
i  ,8 

(III-38) 

M.'=l/t',  and 

(III -39) 

p'=VUx'. 

(III-40) 

The  (fl) ,  obtained  by  looking  in  the  tables  under  (H-25)  and 
'p=*pf ) ,  represents  the  total  unreadiness  of  the  flight  line 
teams  and  the  maintenance  shop  teams. 


The  results  are  tabled  below  in  terms*  of  (C,  )  <  (C  ) ,  (P* ) ,  and 
B=<7.  1  8  1 


Ca 

4 

5 

.  ! 

K 

approx. 

0.26 

approx 

is 

.  . 

approx 

0.12 

i 

Ct 

3 

6.37 

4.22 

4 

9.85 

4.18 

3.04 

5 

7.30 

3.53 

2.78 

6 

7.00 

3.29 

2.70 

7 

5.48 

3.27 

mm 

Summarizing, 


Sx 

3  or  more  5  or  more 

6  or  more  4  or  more 

Approach  3  (Changing  N) 

The  approach  of  units  awaiting  or  tindergoing  service  (rsd)in  the 
maintenance  repair  shop  is  calculated  as  in  approach  1  (since 
sMJjnj^d).  The  units  used  (N*)  for  calculations  involving  the 
flight  line  are  as  follows: 
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1  0  ,8  * 


( 111-41} 
(xii-42) 


p»„l 


■tail*  18 


4 

5 

i 

6 

7 

8 

18.40 

19.97 

23.55 

20,75 

20.80 

14.55 

« 

16,42 

16,83 

* 

16.92 

16.95 

16.52 

17.85 

18.33 

18.49 

18.53 

16.69 

18.09 

18.62 

18.68 

18.72 

16.73 

18.15 

1 _ 

18.68 

18.76 

18.82 

Summarizing* 


Cl 

3 

4  or  more 


flL 

6  or  more 
5  or  more 


8. _ Dimensional  Analysis  and  Sensitivity  Analysis 

Application  of  any  analytical  routine  is  dependent  upon  main¬ 
taining  a  consistent  dimensional  system.  The  routine  described 
in  this  section  assumes  consistent  dimensions  in  all  parameters. 
Same  parameter  inputs,  however,  axe  normally  obtained  in  dimen¬ 
sional  units  vdhich  require  conversion  to  be  consistent  in  the 
system.  Failure  rates,  for  instance,  are  usurlly  obtained  in 
units  of  failures  per  operational  hour,  and  service  rates  in 
terms  of  repairs  per  maintenance  hour.  These  dimensions  are 
not  consistent  unless  tho  operational  schedule  conforms  precisely 
to  the  maintenance  schedule.  To  eliminate  the  problem  of  incon¬ 
sistent  dimensions,  failure  and  repair  rates  should  be  converted 
to  a  time  basis  vhich  has  common  definition. 

For  instance,  if  operations 1  and  maintenance  schedules  are  ex¬ 
pressed  in  terms  of  a  repetitive  week,  the  weekly  time  basis 
should  be  used  as  follows  t 


Alternatively,  Nb  “So  i"«*-Db  may  be  used  for  the  effective  number 


of  working  units  seen' by  ths 


solution  will  satisfy  requirements. 


tenant:*  repair  shop;  either 
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Let 


>k  *  failure  rate  /operational  hour  for  one 
*  operational  unit,  and 

«  failure  rate/operational  week  «*  failure/rate/ 
maintenance  week, 

X  9.  *  t  X4  i 
’k  «;  It 


whe’.e 


he  p  *  operational  hours /week. 


Let 


ll  *  service  rate, 'Maintenance  hour, 

» t 

(ivk*  service  rate/aaintenaice  week, 

*=  service  rate/operational  week,  and 


where 


and 


h  *  maintenance  hours  per  week, 
■  * «  r 


If  more  than  one  maintenance  location  is  involved,  with  differ¬ 
ent  work  schedules,  a  .service  rate  (y)  will  be  computed  for  each, 
contributing  to  different  utilisation  factors. 

As  an  example,  consider  an  organisation  with  the  following 
char acta  riist ics ; 

\tn  0.5  per  operational  unit, 

u  (organisation)  *  1,0, 

*  ? 

X  (fie^d  shop)  *  0,5, 

Operational  schedule  *  4  houro/day,  7  days/week. 

Organisational  maintenance  schedule  *  8  hours/day, 

7  days/week. 


t  •'  Field  maintenance  schedule  *  16  hours/day, 

5  da y  s/week. 

Then 

\k-(285  (0.5)«14,  (III-44) 

(organization)  «(56) (l.Q)«56,  (III-45) 

Uwk  (field)  *  (80)  (0.51-40,  (III-t6) 

and 

P#  p  /fJ-.k  (organization) -0.2  5,  and  (121-47) 

(field)  «  0.35.  (211-48) 

8.1  Preventive  Maintenance 

Preventive  maintenance  (PM)  requirements  are  accommodated  in 
either  of  two  ways,  depending  upon  idiether  preventive  mainten¬ 
ance  forms  part  of  the  primary  workload  or  is  a  secondary  work¬ 
load.  A  guideline  for  this  determination  is  the  level  of 
priority  for  scheduling  preventive  maintenance.  If  it.  cm 
pre-eqpt  a  corrective  repair,  it  is  primary  workload,  but  if 
PM  is  performed  only  when  operational  units,  personnel,  and 
facilities  are  uncommitted  to  corrective  tasks,  it  is  secon¬ 
dary. 

In  moat  cases,  PM  is  considered  secondary  workload,  and  it  is 
only  necessary  to  determine  whether  sufficient  unutilized  time 
is  available  fer  its  acccmplishm&nt. 

The  number  of  service  channels  available  for  secondary  work  lord 
i*  C-C%  e  Where  r  is  the  nuafeer  of  channels  assigned  and  C  the 
at <h«  number  of  busy  channels.  The  time  available  for  secondary 
'-'orkload  is  called  "idle  time"  with  respect  to  primary  workload, 
and  is 

IT-h  t  (C-C  ) »  (III-49) 

It  is  required  to  determine  whether  preventive  maintenance 
(and  other  secondary  workload)  is  leas  than  ths  ti ms  available 
for  secondary  %orklo*d.  The  same  procedure  is  used  to  deter¬ 
mine  the  capacity  for  ocher  secondary  workload.  It  should  be 
noted  that  usual  level  a  of  operational  readiness  achievement 
require  idle  time  with  respect  to  primary  workload.  Utilisation 
of  this  time  for  secondary  workload  is  free.  T..vt  is,  within 
the  limits  of  id's  time  availability,  secondary  workload  can 
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be  added  at  no  additional  cost  for  personnel  and  facilities, 
and  often  for  repair  equipment  Por  this  reason,  it  i?  often 
feasible  to  incorporate  at  no  cost  such  secondary  workload  as 
module  repair,  at  a  forward  shop  where  this  is  not  part  of  the 
primary  workload. 

If  insufficient  idle  time  is  available,  it  is  necessary  to 
increase  the  number  of  personnel  assigned.  Depending  upon 
the  magnitude  of  necessary  increase,  this  can  be  accomplished 
by  adding  channels,  by  adding  a  channel  on  one  shift  of  a 
multi-shift  schedule,  or  by  increasing  service  channel  team 
size.  In  any  case,  the  modification  may  provide  opportunity  to 
reduce  spares,  while  maintaining  the  required  operational  readi¬ 
ness  level.  If  PM  is  considered  part  cf  che  primary  workload, 
its  utilisation  factor  (P)  is  added  to  that  for  corrective 
maintenance,  in  consistent  dimensions,  as  described  in  pre¬ 
ceding  paragraphs  on  dimensional  analysis. 

Errors 

Estimation  of  failure  rates  and  services  rates  is  subject  to 
some  degree  of  error,  particularly  when  the  equipment  has  not 
been  built,  or  even  completely  designed.  Use  of  the  manning 
tables  can  determine  the  significance  of  the  estimated  para¬ 
meter  error.  In  many  cases,  errors  are  compensating,  and  in 
others,  otherwise  s' mificant  errors  are  rendered  innocuous  by 
virtue  of  the  effect  of  asymptotic  relationships. 

An  error  in  failure  rate  {^)  has  the  same  effect  as  an  error 
in  operation  rate  (schedule) ,  and  an  error  in  service  rate 
has  the  same  effect  as  an  error  in  maintenance  schedule.  The 
effect  is  a  change  in  the  value  of  utilization  factor  (P) , 
realizing  that  it  is  the  ratio  \/\i  in  which  error  is  signifi¬ 
cant,  since  P=A/ii  is  the  demand  factor  determining  manning 
requirements.  An  error  in  estimating  s> ill  requirements  for  a 
task  can  result  in  an  error  in  service  rate,  or  in  pipeline 
personnel. 

The  recommended  means  of  determining  the  effect  of  expected 
error  is  to  corjpare  unreadiness  values  at  reaecnatf-le  error 
limits,  and  consider  the  advisability  of  msdifyirg  manning 
assignments  to  reduce  the  effect  on  unreadiness  Following  is 
a  list  of  error  sources  and  effects  on  manning. 


Parameter 

(>0  Failure  Rate. 

Operating  Schedule. 

(|x)  Service  Rate. 

Maintenance  Schedule. 

Skill  Level  Requirements. 

(P)  Utilization  Factor. 

Skill  Level  Requirements 
p  ,1  personnel  turnover  rates. 

J  3 


Affect  Utilization 
Factor  (P) . 


Affects  Unreadiness  (d) , 
Service  Channel ,  and 
Spares  Requirements. 

Affect  Pipeline  Personnel. 


9.  Workload  Determination 

The  foundation  for  the  prediction  of  personnel  requirements  lies 
in  the  hardware  and  its  demands  for  and  application  of  manning 
and  skills.  The  initial  step  in  establishing  manning  and  skill 
requirements  is  the  determination  of  the  relationship  between 
performance/capability  requirements  and  the  equipment's 
reliability/maintainability  characteristics,  and  the  work  cre¬ 
ated  by  the  relationship.  This  provides  the  basis  for  estab¬ 
lishment  of  repair  channels  in  terms  of  skill  teams  or  work 
shops.  Failure  rates  (Vs)  and  service  rates  (m-'s)  for  the 
equipment  are  developed  by  means  of  existing  reputable  relia¬ 
bility  and  maintainability  prediction  techniques. 

Having  established  tasks  that  will  occur,  it  is  necessary  to 
package  these  task*.  for  assignment  to  repair  channels.  The 
task  responsibilities  of  a  repair  channel  are  called  a  "skill 
package."  The  skill  package  is  identified  with  a  repair 
channel  type  and  with  a  personnel  subsystem.  The  total  main¬ 
tenance  personnel  system  is  composed  of  personnel  subsystems, 
each  associated  with  a  subsystem  skill  package  of  the  aystem. 

The  behavior  of  the  personnel  subsystem  is  described  by  an 
activity  model.  This  activity  model  is  described  by  a  finite 
cyclical  queuing  process. 

9.1  Performance  Requires nts 

During  each  working  shift,  the  aystem  must  be  capable  of  per¬ 
forming  its  prescribed  function,  or  operation,  for  a  specified 
duration  and/or  frequency. 
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Weighting  frequency  with  the  duration  of  each  occurrence  gives 
rise  to  a  total  operational  capability  during  each  shift. 

This  requirement  may  take  the  more  precise  form: 


a.  Operating  time  per  unit  calendar  time  cf  which  the 
operational  unit  should  be  capable. 

b.  Number  of  operations  per  unit  calendar  time  of  which 
the  operational  unit  should  be  capable ,  and  duration 
of  performance  per  operation. 

In  establishing  operational  capability,  it  is  desirable  to 
differentiate  between  maximum, average  and  required  performance 
capability. 

a.  Maximum  ope rat ion  ad  requirements  are  difficult  (if 
possible  at  all)  to  specify  quantitatively. 

b„  Average  performance  requirements  are  those  that  can 
be  expected  in  a  quiescent  state  in  the  usage  the 
system  experiences  as  the  result  of  either  training 
personnel  or  equipment  exercising.  Average  perfor¬ 
mance  may  be  considerably  less  than  performance 
capability  required. 

It  is  important  to  note  not  only  the  relationships  ai  ong 
parameters,  but  also  the  effects  of  parameter  variation.  A 
change  in  failure  rate  (X),  or  repair  rate  (p.),  for  example, 
can  result  in  a  change  in  the  achieved  value  of  operational 
readiness,  or  personnel  and  spares  requirements,  with  a  con¬ 
comitant  change  in  system  support  cost.  In  view  of  those 
relationships,  manning  is  an  optimization,  based  upon  "skill 
packaging"  tasks.  It  is  significant  that  an  error  in  estimat¬ 
ing  the  skill  requirements  for  a  task  package  results  simply  in 
an  error  in  the  repair  time. 

9.2  Tasks  Identified  with  System  Functions 

A  system  function  may  be  defined  as  the  level  of  equipment 
definition  for  which  it  is  possible  to  specify  a  distribution 
of  skills.  A  system  function  is  identified  with  equipment. 

Each  equipment  is  characterized  by  demand  rates  for  mainten¬ 
ance  support.  Consider  the  following  function  breakout  of 
an  aircraft. 

The  aircraft  (operational  unit)  is  itemized  in  terms 

of  fundamental  functions,  e.g.f 


Fire  Control 
Propulsion  System 
Armament  System 
Pilot  System 
Landing  System 

Determination  of  Tasks 


Air  Frame  System 
Communications 
Navigation 
Hydraulic 

Safety  (e.g.,  fire  extin 
guishers,  de-icers, 
ejection  systems) 


The  fundamental  building  block  of  the  manning  technique  is  the 
task.  Ideally,  the  task  is  identified  with  a  black  box  in  the 
operational  unit.  The  operational  unit  is  comprised  of  a 
fixed  number  of  black  boxes. 

For  the  purpose  of  analysis,  the  task  is  defined  as  a  black  box 
having  the  following  demand  rates: 

a.  Occurrence  demand  rate  measured  by  failure  rate,  and 

b.  Performance  demand  rate. 

For  ©?/-h  demand  occurrence,  there  is  associated  a  duration  of 
performance.  This  performance  will  require  a  number  of  per¬ 
sonnel  of  a  specific  skill  type  and  level.  In  the  establish¬ 
ment  of  performance  rates,  it  is  assumed  that  a  rate  will  de¬ 
pend  on  a  task,  and  on  the  skill  level  performing  the  task. 

Random  processes  are  assumed  and  mean  rates  are  estimated,  based 
on  exponential  processes. 

Each  combination  of  occurrence  rate  and  task  performance  dura¬ 
tion  may  have  different  skills  and  numbers  of  personnel  required. 

In  summary,  the  clack  box  task  concept  amounts  to  dividing 
maintenance  requirements  of  the  op  rational  unit  into  reasonable 
work  units  or  task  packages.  A  "reasonable"  work  unit  may 
consist  of  things  to  be  done  on  the  same  occasion,  but  which 
are  not  conveniently  performed  simultaneously  by  different 
people.  These  things -to -be -done  (tasks)  will  require  the  same 
skill  field.  The  work  may  require  primarily  high  skill,  with  a 
few  low  skill  elements  but,  typically,  not  the  converse,  since 
the  latter  would  lead  to  inefficient  utilization  of  highly 
skilled  personnel.  The  exception  will  arise  when  the  workload 
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leads  to  requirements  for  only  one  or  two  men  in  a  particular 
field,  at  a  particular  location.  There  will  be  borderline 
situations  vh&re  there  is  some  question  as  to  Aether  a  parti¬ 
cular  group  of  actions  should  be  considered  as  one,  or  as 
more  than  one  task.  Little  time  should  be  spent  in  making 
such  decisions,  since  they  will  almost  never  make  a  signifi¬ 
cant  difference  to  the  final  result.  In  practice,  the  actions 
will  generally  be  assigned  to  the  same  team,  even  vfoen  they 
are  considered  to  constitute  several  tasks., 

3.3  Activity  Network  for  a  Simplified  Aircraft  Function. 

Consider  a  fire  control  subsystem  comprised  of  an  electronics 
black  box.  Electronic  repair  is  performed  by  removing  the 
black  box  on  the  flight  line  and  replacing  it  with  a  spare, 
if  available.  The  faulty  black  box  is  repaired  at  the  field 
shop.  The  activity  network  for  removal  and  replacement  of  the 
black  box  is  constructed  to  depict  the  activities  and  events 
of  the  action. 


The  spare  or  replacement  black  box  may  be  obtained  through 
one  of  several  routes.  These  routes  and  their  characteris 
tics  form  the  basis  for  the  network: 


Activity  characteristics  are  noted  on  interconnecting  lines 
between  circled  numbers  representing  events. 

The  estimated  values  for  these  activities  are: 


Activity 


Estimated  Values 


t =t ravel  to  maintenance  shop 
ta=place  faulty  box  in  repair  line 
t3=take  box  from  ready  inventory 
t .  = await  repair 

t  4 

t  ^obtain  box  from  bass  inventory 

5 


.3  hours 
.2  hours 
.1  hours 
1.5  hours 
4.0  hours 
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t6«retum  to  aircraft  .35  hours 

px "probability  of  occurrence  of  t3  .35 

p8 "probability  of  occurrence  of  t4  .60 

p3 "probability  of  occurrence  of  t8  .05 

Tbe  expected  time  duration  spent  in  acquiring  the  black  box 
is: 

Eb  t  ^ i +ta  +Pi 3  +P3  t4+PS  6  +t 6  ( 111 “50 > 

*2.b  hours.  ' 

9.4  Tradeoff  of  Spares  at  Different  Assembly  Levels 

Consider  a  squadron  of  20  aircraft  (M«20) .  The  return  in  opera¬ 
tional  readiness  from  an  additional  spare  black  box  (AR, ) 

0.0005,  and  the  cost  of  the  spare  is  $3000.  Alternatively,  an 
additional  aircraft  can  be  acquired,  decreasing  unit  aircraft 
re  ad  ii.es  s  from  0.750  to  0.745  with  no  change  in  support  facili¬ 
ties  or  personnel. 

The  return  in  capability  per  unit  cost  cf  the  spare  black 
box  is 


rt  *mHR(  /Ct  *20XC.  .000 5&8000+1. 25X10”“  .  (III-51) 

For  an  additional  aircraft,  the  unit  return  is 

ra  [  (nH-r )  R4  -mRb  ]  =  [  {21)0. 745-(20)0.750]/500, 000 

*1.29X10”® .  (III-52) 

Obviously,  the  rate  of  return  in  capability  for  the  additional 
aircraft  is  greater  per  unit  cost  than  for  the  spare  black 
box  indicating  preference  for  an  additional  aircraft.  Conver¬ 
sely,  an  aircraft  is  less  costly  per  unit  return  in  readiness. 

9.5  Interpolation  Techniques  for  Subassembly  Sparing 

Suppose  the  skill  package  Consists  of 


(l)  repairable  assemblies  (modules) 

(m)  assemblies  requiring  piece  parr  repair,  and 

(n)  off  line  preventive  maintenance  actions 


The  contributions  to  the  utilization  factor  will 


-s(xtAt) 

(III-531 

ja;  l 

■  * 

p,-spa,.s<\/u) 

(III-54) 

J  ■!  ]  Ml 

Ps-|Ps,“Z(\/i>) 

(III -55) 

The  utilization  factor  for  the  skill  package  will  be 

Ptmp1+Pa+*s  (111-56) 

Since  the  repairable  assemblies  make  unequal  contributions  to 
the  utilization  factor  end  can  differ  in  cost,  it  is  required 
that  a  method  be  established  to  choose  between  assemblies. 

The  change  in  unreadiness  between  having  no  spare  and  one  skill 
package  spare  is 

Adl=(d0-dl)  (111-57) 

Since  only  (Px)  portion  of  the  utilization  factor  is  supported 
by  spare  repairable  assemblies  (assuming  part  spare  availability) 
unreadiness  can  be  affected  by  providing  spares  associated  with 
this  aspect  of  the  work  load  only. 

Suppose  there  is  only  ^ne  spareable  assembly  in  the  skill  pac’<aqe. 
The  effect  on  unreadiness  as  additional  spares  are  allocated  is 


illustrated  below. 

Spares 

Unreadiness  Change 

Unreadiness 

1 

ddi*(d„-di>pi''p, 

do"(do"di)Pi/,pt 

(XII-58) 

2 

-a,)?,/11, 

a0-(a0-3s)p1/p. 

(III-59) 

i 

Ad,-<d,-,^l,><p./p,> 

do-'d.-3>>pi/p. 

( III  -60) 

Where  the  skill/handware  package  is  comprised  of  more  than  one 
spareable  assembly,  the  multinomial  probability  distribution  is 
vised  for  interpolation! 
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If  the  distribution  of  spare  assemblies  is 
al,aa,  s3(  ••  >s#  i 

the  maximum  demand  for  irpares  that  could  be  satisfied  is 

n=s1+ss+s3+. .  .,+s1  *  (111-61) 

Thera  is  a  probability  of  satisfying  any  demand 

;  i*0|  3L f  *\ t  • « tUf 

a  fraction  of  the  time.  In  order  to  interpolates  it  is  required 
to  determine  the  probability  of  satisfying  a  demand  for  (n-1) 
spares,  (i=^o,  1,  ...n)  jiven  that  the  demand  occur  a  •  Thus,  if 
(n4j)  is  the  nusber  of  '*ays  in  which  the  d emend  for  (n-i*=j)  spares 
can  result  from  different  subassecibly  demands,  arid  (nWJ)  is  tha 
number  of  ways  in  which  the  di^rr^bution  of  spares  (slf..«,sB) 
can  satisfy  that  demand,  then  the-  fraction  of  time  that  the  distri¬ 
bution  of  assembly  spares  will  be  equivalent  to  the  same  number  of 
skill  package/hardware  spares  is 

_  H‘.  J  (III-62) 


The  unreadiness  of  the  hardware  or  skill  package  as  a  result  of  a 
distribution  of  spare  ass^ublies  is  as  follows: 


For  a  spare  assembly  oonplement 

s  .  Sa«  s3*  »  •••**« 

let  a  minimum  (Sj)  be  (m) 


d-d 


~<Vx>D3+1 


(III-63) 


The  table  below  illustrates 
bliee,  the  unreadiness  as  a 
assembly  spares . 


for  the  case  of  two  types  of  assem- 
function  of  various  combinations  of 
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Unreadiness 


Spares 


do“  <d0  ^11 

dx-(d^8)2PllPl8 
d1-(d1-ds)  (P?1'?’2P11Pla) 

-(ds^4)(6P»l^8) 


*P  ®p  /p  +p  .  p  =p  A>  +p 
n  i '  i  a1  la  l'  l  a 


(III -64) 


Tables  IIX-3  and  II I -4  illustrate  tiro  speciiJc  cases,  for  three 
assembly  types,  and  for  Ml  types* 
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SPARES 


*$+•  mom 


SPARES  ZHTEPPCt* TXO&  -  THREE  ASSEMBLY  T»RS 

— *WI  "n*  ■  KWMMnn  mi  Mm  ■  i— n— hi m  r*— ■— *.  m  mmmmmmmm 

TAELS  IIx-3 
ASSEMBLY  TYPE  tSHREAOIWSSS  (tf) 

12  3 


0 

1 

1 

1 

2 

2 


0 

0 

1 

1 

0 

1 


0 

0 

0 

1 

0 

1 


2  2  0 


2  1 


diM<Sl^)(2PllPis+  2PXJP13 
+iP1,Pls)-(d.-d3)6PvlPl,Pl!| 

V<d.-V*n 

dl-(d1^8X?all+2P11Paa+2Pl#P13 

+2pxlPx^-w,^M3p;lpl# 

+3»?x  »**♦»»  »»!.»,•) 

-w,-d4)i2*;xpl,p„ 


-(d,-4,)(3P?xPl#+3PllP»t) 

-(d^SP^P^ 

di~<di +P*. 

-wB-d,)Op;,p1,^p?lp1!1 


\  3 


-M, -<«.><»■,, 


oft  fahi=i  111-4,. 
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ggaugsg  -  i  tssmaut  roes 

TABLE  III-4 

jg&tggsx  TYPSS  PaSBADIKBSS  (d) 

l  2  3  ...»  <¥  h  ...  a  _ _ 

0  0  C  ...  0  5  0  d„ 

1  0  0  ...  0  0  ...  0  d0-(dt,-d1)PJi 

SPABSS  i  1  1  ...  1  cl  ...  0  d^-fd  -djji  Pj, 

I  «l 

-(d1  -da  )  (2  2  PltPlk 

1  «1V  »1 

i* 

1  Kit  ®1  |«1 


WOTS :  Px  i  AP,  -P,  /P% 
x 


(d^  _j  -d,  )  (2*  •  t  "  *  *  \ 


(111-6;) 
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1.  If  the  subsystem  consists  o 3:  (a)  identical  subassemblies, 
each  with  failure  rata  (A)  and  service  rat^  (|i) ,  th*  aggre¬ 
gate  failure  rata  is  (nX) ,  and 


P-ttA  /H 


(m~66) 


where  (P)  is  the  utilisation  factor*  A  spare  egoists  of  on o 
subassembly. 


2.  II  (m)  of  (n)  identical  subassemblies  are  redundant  and 
inactive,  then  aggregate  failure  rate  io  [(n-m)X],  and 

P*(n-m)X/|i  (III -67) 


A  fig  are  consists  of  one  subassembly,  with  (m)  spares  al,  **&dy 

assigned. 

3.  If  (m)  of  (n)  identical  subassemblies  are  actively  re-v*n~ 
a  ant,  the  aggregate  failure  rate  is  (nA) ,  and 

P-nA/u  (HI-68) 

A  spare  consists  of  one  subassembly,  with  (m)  spares  already 
assigned. 

4.  If  the  sub  system  consists  of  (n)  subassembly  types,  and 
(mt )  subassemblies  of  type  (i) , 


B 

Stu^ X f "aggregate  allure  rate  (III -69) 

i 

P  *Sn,  X/u> 

i  11 

The  interpolation  technique  <5@ser**ad  preceding  is  required 
to  determine  the  optima  spares  mix. 


Comment  on 


timizafl">n 


The  rate  of  change  in  unreadiness  depends,  of  course,  upon  the 
distribution  of  assembly  spares.  The  optimum  mix  is  that  pro¬ 
viding  the  greatest  return  in  readiness  per  unit  resource 
cost.  Optimization  is  practically  accompli she?  by  selecting 
spares  increments  based  upon  margin rl  return  in  readiness  per 
unit  of  resource  cost. 
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Th*  distribution  of  asseffiblies  for  assignment  of  the  first 
spare  is  determined  from  the  ranking  of  nomalized  utiliza¬ 
tion  factors  (Pi i ) •  Assignment  of  a  second  spare  depends 
upon  the  contribution  of  the  second  power  of  the  appropriate 
normalized  utilization  factor  being  greater  than  that  of  the 
normalised  utilization  factor  of  the  alternate  candidate  for 
a  first  spare*  (P8  ,  4d.  >p  &&  ) .  Subsequent  spares  are  assigned 
similarly.  M 
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APPEJDIX  IV 


SKILL  SENSITIVITY  TABLES 


1.  INTRODUCTION 

A  multitude  of  factors  are  directly  or  indirectly  related  to 
system  meaning  requirements .  An  analysis  of  the  significant 
factors  has  been  made  and  the  results  appear  in  tables  IV-1  and 
IV-2.  For  these  tables,  the  description  of  each  factor  in¬ 
cludes  its  identity  and  the  measurements  of  primary  concern 
to  manning.  Each  factor  is  mated  with  its  relationship  to  per 
sonnel  in  a  system.  The  measures  are  given  below  the  identifi¬ 
cation  of  the  factor.  The  personnel  are  classed  in  either 
maintenance  or  operation  dategories.  Relations  given  in  the 
tables  represent  rough-cut  effects  of  a  change  in  the  factor 
as  reflected  in  changed  manning  requirements. 

Factors  have  been  selected  according  to  their  potential 
importance.  I”  particular  situations,  any  factor  may  loom 
larger  than  others.  The  magnitude  of  effect  of  a  particular 
factor  depends  on  the  magnitude  of  its  change. 

Ease  of  estimation  of  the  effects  of  a  factor  is  closely 
related  to  the  basic  ease  of  measurement  of  the  factor  itself. 
However,  in  most  cases,  the  uncertainty  of  an  estimate  stems 
more  from  the  uncertainty  of  input  data  to  the  estimating 
process  than  from  errors  in  the  estimating  process  itself. 
Uncertainty  cf  input  is  inevitable.  By  using  these  factors  as 
guides,  the  degree  of  uncertainty  is  minimised  through  clear 
establishment  cf  the  type  of  input  data  that  ia  needed.  Here, 
the  benefit  lies  in  assuring  that  valuable  data  which  are 
attainable  will  be  made  available. 

Factors  in  the  tables  may  be  classified  both  according  to  their 
association  with  the  equipment,  and  to  their  effects  on  the 
manning  requirements  of  the  system.  Table  IV-.l  contains  factors 
relating  to  hardware  and  its  applications.  Table  1^-2  contains 
factors  relating  to  support  equipment  and  organization.  Some 
factors  affecc  primarily  the  man-hours  of  actual  labor  required, 
while  others  affect  primarily  the  efficiency  with  which  men  can 
be  used  -  the  fraction  of  the  time  they  are  wo^xj.g  productively. 

CONDITIONS  OF  APPLICABILITY 

The  applicability  of  tables  IV-1  and  IV-2  is  limited  as  follows: 
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a.  Relationship*  provide  appropriate  approximationn  where- 
ever  new  ayatema  of  equipment*  can  be  viewed  as  consist¬ 
ing  of  hardware  similar  in  type  to  that  of  existing 
systems  or  equipment.  The  accuracy  of  the  estimate 
will  depend,  in  part,  upon  the  degree  of  similarity. 

For  example,  application  of  relationships  to  maintenance 
manning  requirements  on  inertial  navigation  equipment 
are  appropriate,  using  other  inertial  navigation  equip¬ 
ment  as  a  basis  for  comparison,  but  not  using  stellar 
navigation  equipment.  Note,  however,  that  computer 
subsystems  in  both  systems  might  be  appropriately  com¬ 
pared. 

b.  The  consequences  of  queuing  (random  workload  require¬ 
ments)  must  be  considered  as  modifying  all  effects  in 
the  tobies.  Queuing  effects  are  discussed  in  appendices 
III  and  VI . 

c>.  Manning  adjustments  should  always  be  based  upon  personnel 
skill  ej ?cialty  codes,  since  reductions  or  increases  in 
manning  are  directly  related  to  red^  rtions  or  increases 
in  specific  skill  hours  of  wc^k  available. 

3.  GENERAL  CONTENTS 

In  table  IV-1,  the  specif factors  can  bo  categorised  as  follows: 

1  to  6  -  Characteristics  appropriate  to  estimation  of 

requirements  for  skill  and  man-hours  of  actual 
labor.  Apply  at  all  levels, 

7  to  9  -  As  applied  to  hardware,  same  as  1  to  6.  As 

applied  to  personnel,  characteristics  of  the 
utilization  of  the  hardware  which  affect  the 
accomplishments  possible  by  a  man  in  a  given 
time. 

.10  to  11  -  Characteristics  of  the  system  at  the  equipment 
level  which  affect  the  requirements  tor  actual 
(skill)  man-hours  of  labor, 

12  to  13  -  Characteristics  of  the  organization  using  the 
equipment,  which  affect  the  efficiency  with 
which  men  can  be  used  (i.e.,  proportion  cf  time 
which  men  are  not  "idle"  with  respect  to  their 
duties  associated  with  their  primary  APSC) , 
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14  to  15  -  Characteristics  of  the  use  of  the  equipment 

which  affact  the  efficiency  with  which  awn  can 
ha  us ad. 

For  table  IV-2,  the  factors  nay  be  categorised  as> 

1  -  Characteristics  of  maintenance  equipment  affecting 

skill  and  man-hours  of  effort  required  to  maintain 
the  operating  and  maintenance  equipment, 

2  -  Characteristics  of  organisation  for  maintenance 

which  affect  the  efficiency  with  which  men  can 

be  used. 

3  to  5  -  Characteristics  of  organisation  for  maintenance 

and  logistics  which  affect  equipment  downtime 
for  repair.  Nanning  often  may  be  traded  off 
with  these  characteristics  in  order  to  achieve 
a  specified  operational  readiness. 

Tha  factors  which  affect  ths  amount  if  actual  aut-harrs  of 
labor  required  can  be  dealt  with  directly.  Those  affecting 
"idle 5  time  require  dealing  with  the  interrelations  oi  y.-’iour 
factors  which  are  involved  in  queuing  problems. 


EFFECT  ON  MANNING  AND  SKILL  REQUIREMENTS  OF  FACTORS  IN 
DESIGN  AND  OPERATION  OF  EQUIPMENT 
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TABLE  IV- 2  (COJUT 


APPENDIX  V 


DETAILED  PROCEDURE  FOR 
DEiSIGN/SUPFORT  ALTERNATIVE  ANALYSIS 


1.  GENERAL  OPERATION  AND  SUPPORT  RELATIONSHIP  TO  SYSTEM  VALUE 

Regardless  of  the  set  of  mission  requirements  that  is  established 
for  a  system  and  transformed  into  performance  parameters,  when 
these  parameter  values  are  transformed  into  a  proposed  hardware 
configuration  which  meets  the  value  requit ements  of  the  system, 
the  task  remains  to  determine  how  to  get  the  most  for  our  opera¬ 
tion  and  support  investment.  What  is  desired  to  maximize  for 
this  investment  is  directed  to  the  specific  mission (s)  which  the 
system  is  to  accomplish.  In  general,  what  will  be  required  is 
achievement  of  operational  readiness. 

After  defining  a  specific  design  alternative  in  terns  of  hardware/ 
software,  the  next  task  is  to  evaluate  the  effect  of  the  applica¬ 
tion  upon  cost  and  operational  performance.  First,  it  must  be 
understood  that  the  sole  purpose  of  the  ope rational /support  system 
is  to  keep  the  system  either  operational  or  in  a  state  of  readi¬ 
ness.  Thus,  given  a  design  alternative,  the  best  method  of  support 
must  be  determined,  considering  the  alternatives.  To  achieve  this 
end  will  require  evaluation  of  support  alternatives.  The 
evaluation  of  support  alternatives  consists  of  determining 
demonstrable  differences  in  operating  and  maintenance  personnel, 
quantities  of  spares,  support  equipment,  etc.  The  support  alter¬ 
native.  selected  in  conjunction  with  each  design  alternative  must 
permit  meeting  the  operational  readiness  requirement  in  the  least 
costly  manner  with  that  design  alternative. 

The  significance  of  and  necessity  for  this  lies  in  the  recognition 
that,  design  alternatives  should  be  evaluated  in  terms  of  total 
expected  costs  established  under  unbiased  conditions.  A  good 
design  alternative  can  be  made  to  look  bad  from  the  cost  point  of 
view,  if  the  design  of  the  support  alternative  will  result  in  a 
high  cost  support  structure.  The  analysis  required  to  establish 
the  least  total  expected  cost  based  on  the  operational  environment 
is  amenable  to  incremental  analysis,  using  total  expected  cost 
differences.  The  procedure  which  follows  .is  based  on  the  three- 
echelon  United  States  Air  Force  support  system. 

The  principal  problem  in  analysis  of  the  support  system  in 
determining  where  something  is  to  be  done,  if  done  at  all. 
Generally,  there  will  be  considerable  latitude  ir.  terms  of  design 
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altemativea,  but  thii  latitude  will  be  constrained  by  already 
existing  support  facilities,  skill  capabilities,  and  opera¬ 
tional  requirements  of  the  system.  Given  the  preliminary 
operational  and  support  structure  constraints,  a  relatively 
simple  elimination  procedure  can  be  employed  for  evaluation  of 
alternatives.  Table  if-1  illustrates  the  range  of  alternatives 
for  the  support  of  a  system  consisting  of  three  levels  of 
assembly.  For  each- level  of  assembly,  a  decision  must  be 
relative  to  two  questions,  (a)  if  that  level  of  assembly  fails, 
should  it  be  repaired?,  and  (b)  if  it  is  repaired,  where  in  the 
support  system  should  it  be  repaired? 

In  establishing  the  answers  to  the  questions  above,  it  if? 
desirable  to  perform  no  more  computations  than  necessary. 

Table  V-2  presents  one  such  procedure.  (Because  of  the  possible 
differences  associated  with  cost  at  the  factory,  and  the 
relatively  infrequent  use  of  factory  repair,  cost3  at  factory 
are  not  included  in  table  V-2).  The  general  rule  for  a  decision, 
when  using  table  V-2,  is  simply  to  choose  the  least  costly 
alternative.  That  is,  if 


ATj , ! <0 , 


(V-l) 


choose  alternative  (j). 


conversely,  if 

aTj , !>0, 


(V-2) 


choose  alternative  (i). 

The  procedure  which  follows  is  based  on  the  availability  of 
alternative  design  configurations,  among  which  an  optimum  will 
ex-st.  If  the  level  of  assembly  configuration  is  fixed  with 
respect  to  detail  module  design,  the  procedure  simply  determines 
where  maintenance  should  be  performed. 

2.  PROCEDURE 

The  step-by-atep  procedure  is  detailed  below: 

Step  j. ,  Organization  - 

a.  Select  one  higher  modular  assembly  configuration  (h) . 

b.  Evaluate  the  cost  of  discard.  (Use  tabular  form 
provided  by  figure  5,  section  4. 
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TAB  If  V-2 

TABULAR  I VALUATION  PRCCSDURE 
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c.  Evaluata  the  coat  of  repair  of  the  same  assembly, 
considering  that  all  lover  levels  are  repaired,  e.g., 
modules.  (Use  same  tabular  form  as  (b)  above. 

d.  Compare  (lc)  with  (lb)  above. 

e.  Make  a  decision  based  on  equation.*  V  1  and  V-2. 

Step  2,  Organization  - 

a.  Select  one  of  the  possible  module  (m)  configurations 
that  is  a  potential  candidate  for  discard-at-f ailuro- 
maintenance  (DAFM).  The  higher  modular  assembly  is 
repaired  by  replacing  DAFM  modules. 

b.  Evaluate  cost  of  policy  described  above. 

c.  Evaluate  least  cost  result  of  step  1  again;  remember 
that  the  things  Jhat  are  constant  for  step  1  (and 
cancelled  out)  will  not  necessarily  be  constant  in 
the  revised  policy  appropriate  to  step  2. 

d.  Make  a  decision  based  on  equations  V-i  and  V-2. 

Stepc  3  and  4,  Organization  -  These  steps  evaluate  the  same 
module  repair  at  field  and  at  depot.  Higher  modular  assembly 
repair  is  performed  at  organization  level  with  the  repaired 
modules. 

Steps  5,  6,  and  7,  Field  -  These  steps  evaluate  the  same  higher 
modular  assembly  and  the  same  module  conf ig>* : ation,  but  bypass 
the  organizational  level.  Step  5  repeats  the  detail  of  step  1, 
step  6  repeats  the  detail  of  step  2,  etc. 

Steps  8  arid  9,  Depot  -  These  steps  evaluate  the  same  higher 
modular  assembly  and  the  same  module  configuration,  but  bypass 
the  organizational  and  field  levels.  Step  a  repeats  the  detail 
of  step  1,  and  step  9  repeats  the  details  of.  seep  2. 

Step  10,  Depot  vs.  Field  -  This  step  evaluates  the  least  cost 
estimate  of  depot  policy  against  the  least  cost  estimate  for 
field  acquisition  and  suppor  policy. 

Step  11,  Minimum  (Field,  Depot)  vs.  Organization  -  This  step 
evaluates  the  least  coat  estimate  determined  in  step  1-='  against 
the  least  cost  estimate  of  organization  level. 
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Result  -  Tiie  result  of  this  step-by-step  procedure  is  the 
evaluation  of  a  least  coct  estimate  of  acquisition,  operation, 
and  «;  •pport  for  one  higher  nodular  assembly  and  one  module 
c.  juration.  aTso,  by  using  the  tabular  procedure,  the  loca¬ 
tion  of  the  least  cost  level  of  maintenance  is  developed. 

3.  SUMMARY 

By  successive  ^application  of  the  step  procedure  to  different 
module  configurations  within  the  higher  modvdnr  assembly  chosen, 
(allocation  of  module  functions),  the  least  coat  module  is  chosen 
for  its  allocated  functions  within  the  higher  assembly,  then  a 
different  hiaher  modular  assembly  is  selected,  functionally  equal 
to  the  first,  but  with  a  different  allocation  of  functions  to 
module  positions.  The  whole  process  is  repeated.  Table  V-3 
illustrates  the  refining  process  towards  attaining  a  least  cost 
situation  involving  higher  modular  assembly,  module,  and  location 
of  maintenance.  The  reappiic&tion  process  can  be  carried  out  a 
step  higher,  when  the  problem  is  finding  a  least  cost  alternate 
design  layout  of  higher  modular  assembly  types  and  sires  within 
equipment,  etc.  There  is  no  limit  to  the  ideas  involving  size 
and  type  of  modules,  higher  modular  assembly,  equipment,  etc., 
except,  that  imposed  by  practical  aanuf acturinn  feasibility  .ana 
the  state -of- _he-art.  There  is  also  no  limit  tc  *  he  support 
plans  that  can  be  devised,  except  the  very  practical  cne  of  :: s’c 
entailed  in  getting  the  plan  to  work. 
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LOGISTIC  CRIETERIA  AND  METHODS  FOR 
ESTABLISHING  SPARES  LEVELS 


1.  SUPPORT  ENVIRONMENTS  AND  SPARING  OPTIONS 

The  differences  among  design/support  alternatives  will  lie  in 
cost  of  spares,  unused  spares,  or  in  cost  in  extra  downtime. 

The  method  developed  herein  will  involve  determining  the  repair 
policy  that  will  permit  achievement  of  desired  operational  readi¬ 
ness  at  minimum  cost. 


There  are  four  reasonable  options  for  sparing  a  particular  item, 
where  organization,  field,  and  depot  are  separate  (barring 
contingency  planning) : 
a.  At 

a.  At  organization,  f^eld,  and  depot. 


b.  At  field  aiv.l  depot. 

c .  At  depot . 


d .  Nowhere . 


Figure  VI-1  shew;:  a  typical  supply  organization. 


Depot 


Field 


Organization 


Figure  VI-1  SUPPLY  ORGANIZATION 


A  qualitiative  comparison  of  costs  and  other  characteristics  can 
be  made  among  options  involving  repair  at  organization,  with 
repairs  made  at  field  or  depot.  This  comparison  is  made  in 
Table  VI-1. 


i96 


TABLE  VI -1 


QUALITATIVE  COMPARISON 


Alternative 

Organisation 

Spares 

Field  Spares 
Depot  Spares 


Frequency 
of  Shortage 


Low 

All  Failures 
All  Failures 


Usual  f 
Duration  of 
Shortage 


Short 

Short 

Longer 


Obsolescence 


Greatest 

Next 

Greatest 

Less 


No  Spares 


All  Failures 


Longest 


None 


\ 


Thus,  the  decision  on.  sparing  will  often  be  concerned  with 
Where-to-sps-re,  rather  than  whether-to-spare. 


Table  VT-2  presents  the  relative  investment  in  inventory  as  a 
function  of  spares  location. 


TABLE  VI >2. 
INVENTORY 


SPARES  LOCATION 

INVLGTMENT 

Organize cion 

Org. ,  cierd 

Org.,  Field,  Depot 
- - - - - - - —  -  — 

Greatest 

Next  Greatest 

Least 

Consider  the  ca^e  for  organ. au.tional  level  sparing  only?  spares 
would  have  to  foe  provided  for  every  possible  contingency,  nigh 
failure  rate  or  low  failure  rate,  high  usage  item  or  low  usage 
item.  When  multiplied  by  the  number  of  organizations,  the  cost 
of  maintaining  this  inventory  would  indeed  be  great.  From  the 
ranking  {Table  VI-2),  it  seems  that  the  least  inventory  cost  will 
occur  when  stocking  spare®  at  the  depot,  field,  and  organization. 
However,  this  least  cost  must  be  weighed  against  operational 
readinenc  requiruneatu. 


Table  VI-3  presents  relative  cost  of  spares  as  a  function  of 
spares  complexity  (level  of  assembly) . 


TABLE  VI -3. 
SPARES  SIZE 


CATEGORY 

RELATIVE  COST 

Parts 

Modules 

Higher  Assemblies 

Least 

Next  Lowest 

Greater 

The  relations  in  Table  VI-3  hold,  because  of  the  positive 
correlation  between  cost  and  size  (part  complexity) . 

The  above  observations  suggest  an  iterative  procedure  for  deter 
mining  least  cost  spare  location  and  category  of  spare.  The 
procedure  given  below  fits  any  case.  Many  of  the  cases,  how¬ 
ever,  can  be  discarded  by  inspection,  and  only  the  feasible 
alternatives  should  be  analyzed. 

2.  LOGISTIC  CRITERIA 

Several  methods  are  used  by  the  Government  to  determine  the 
quantities  of  spares  required  for  support  of  an  equipment  or 
system.  There  are  many  facets  to  sparing  policy,  e.g.,  stra¬ 
tegic  reserve,  location  of  spares,  running  reserve,  consumables 
high- low  value,  and  cost  per  item.  Regardless  of  the  methods 
u;<ed,  some  observations  can  be  mar' &  about  real  differences  in 
spares  costs  between  design  or  support  alternatives: 

a.  Spares  are  based  upon  anticipated  usage,  protection 
criteria,  and  cost. 

b.  Cost  differences  in  sparing  requirements  will  result 
from  the  different  demands  of  design  or  support 
alternatives . 

c.  The  difference  in  spares  cost  will  be  dependent  upon 
the  primary  criterion  invoked  £cr  sparing.  Thore  are 
th'-ee  reasonable  sparing  criteria: 
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(1)  Demand  rate  based  on  anticipated  usage. 

(2)  Operational  readiness  (maximum  return  per 
unit  investment). 

(3)  Confidence,  maximum  return  in  protection 

„  against  outage  per  unit  investment. 

In  general,  there  are  two  types  of  spares,  consumables  and 
repairables.  The  applicability  of  criterion  (1)  is  limited  to 
consumable  parts,  which  permit  bulk  purchase,  and  cost-wise  will 
be  of  a  different  order  of  magnitude  from  the  higher  level  of 
assembly.  Provisioning  for  repairables  will  be  based  on  recycle 
times,  which  may  involve  tradeoff  with  repair  location,  test 
equipment  (facilities,  utilities),  personnel,  skill  availability, 
and  transportation  costs. 

The  applicability  of  criteria  (2)  and  (3)  will  depend  upon 
particular  circumstances;  the  significant  difference  between 
these  criteria  are  illustrated  in  the  following: 

Attention  is  directed  to  the  confidence  method  of  protection 
and  the  unreadiness  criterion. 

The  general  characteristics  of  the  different  logistic  system 
criteria  are  shown  in  figures  VI-2  and  VI-3.  In  each  graph,  a 
confidence  and  readiness  curve  is  developed  as  a  function  of 
time  (mission,  turnaround,  service).  The  parameters  are  space 
(s)  and  expected  demand  (it).  Figure  VI-2  has  the  parameters 

s=2  and  it=l, 

for  which  the  confidence  level  is  approximately  0.92,  and  the 
readiness  is  approximately  0.97.  Figure  VI-3  has  the  para¬ 
meters 

s=14  and  >t=lG, 

for  which  the  confidence  level  is  approximately  0.92,  and  the 
readiness  is  approximately  0.99. 

For  ten  components  spared  equally  at  a  confidence  level  of 
approximately  0.92  (the  exact  values  are  used  in  the  figures) 
the  aggregate  confidence  level  would  he  0.433  for  figure  VI-2 
and  0.418  for  figure  VI- 3  Plotting  these  probability  values 
on  the  respective  illustrations  for  the  confidence  level  method, 
it  can  be  seen  that  the  readiness  level  is  much  higher.  The 
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readiness  level  for  figure  VI-2  is  0.81  and,  more  dramatically, 
the  readiness  level  for  figure  VI- 3  is  0.96. 

Thus,  for  approximately  the  same  confidence  level  for  ten  com¬ 
ponents  (0.4),  the  actual  readiness  of  the  ten  equipments  is  0.81 
for  s=2,  it-1 .  and  0.96  for  s:14,  >>t=10a 

Two  relevant  questions  are; 

a.  When  will  the  logistic  system  run  out  of  spares? 

The  answer  is: 

(1)  For  s=2,>«t-l,  at  a  point  0.81  of  the  base  time. 

(2)  For  S=14, At^lO,  at  a  point  0.96  of  mission  comple¬ 
tion. 

b.  How  lcng  will  tne  logistic  system  be  out  of  spares? 

The  answer  is; 

(1)  For  s=2,At=l,  0.19  of  the  time  base. 

(2)  For  s=14,?\t=10,  0.04  of  the  time  base. 

3.  SPARES  UNREADINESS  MODELS 

In  general,  unreadiness  will  be  contibuted  by  spares  at  all  levels 
of  assembly.  The  aggregate  amount  of  unreadiness  contributed  will 
depend  on  three  basic  considerations: 

a.  Number  of  spares,  by  type. 

b.  The  demand  for  spares  per  unit  calendar  time,  by  typeD 

c.  Service  rate  in  filling  a  demand  for  a  spare,  by  type. 

The  readiness  numeric  as  developed  in  this  report  is  the  steady- 
state  readiness  or  "n readiness. 

Where  different  sources  contribute  unreadiness  (e.g.,  two  depen¬ 
dent  repair  echelons  spare  parts,  spare  repairable  assemblies, 
and  test  equipment) ,  the  unreadiness  contributions  are  additive 
if  they  are  independent  (e.g.  paragraph  4  of  this  appendix). 

Care  must  be  exercised  to  ensure  that  sources  of  unreadiness  are 
not  counted  twice.,  It  is  to  be  noted  that  the  different  sources 
contibuting  unreadiness  may  use  different  time  bases  for  the  pur¬ 
poses  of  computation  and  the  results  remain  additive.  Similarly, 
subsystem  unreadiness  contributions  are  additive  where  indepen¬ 
dent  ;  exists. 

In  section  4  of  the  test,  a  functional  symbolism  is  developed, 
which  is: 

3,  ,s  *s[ support  alternative,  u(i, a)  ] , 

where  the  subscripts  designate  respectively: 

i^Specific  type, 
j^Level.  of  assembly,  and 
k®Loeation. 
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Probability  (p) 


FIGURE  VI -2.  READINESS  v*  CONFIDENCE  LEVEL  METHODS 
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The  functional  u(llA)  implies  that  the  unreadiness  contribution 
is  a  function  of: 

u=Service  time,  and 

^-Demand  for  service. 

The  total  coat  for  all  repairable  spares  is: 

Total  Cost  (Spares)  =  Z£Sc{ st 

1  jtr 

The  subtlety  in  the  foregoing  is,  of  course,  in  determining 


The  purpose  and  rationale  for  the  functional  symbolism  is  that, 
usually,  an  optimization  procedure  will  be  involved  to  deter¬ 
mine  the  actual  required  number  of  a  specific  type  of  spares. 

The  type  of  optimization  will  depend  upon  the  mechanics  of  the 
particular  sparing  problem  (level  of  assembly  and  location) . 

Situations  will  arise  in  which  careful  attention  is  required  of 
alternatives  in  terms  of  readiness  return  per  unit  expenditures; 
e.g.,  additional  logistic  support  or  additional  operating  units. 

A  useful  criterion  for  such  tradeoffs  is  the  concept  of  "Cost  of 
Readiness. " 

If  (N)  end  items  are  supported  over  a  lifetime  of  (L)  years  at 
an  operational  readiness  (1-u) ,  the  total  ready  time  is: 

Tr =NL (l~u) -Total  expected  readiness  hours. 

The  imputed  cost  of  readiness  is: 

C  -T/T  -A-^S/T  *=Cost  per  unit  readiness. 

In  the  case  of  piece  parts,  unreadiness  was  not  directly  evalu¬ 
ated.  The  tacit  assumption  is  that  the  quantities  will  be  balk- 
purchasod,  and  that  this  will  not  be  a  major  source  of  up. read i- 
nest.  Where  the  foregoing  assumption  is  not  *  cl  id,  this  situa¬ 
tion  can  be  treated  with  the  same  leve  of  detail  ns  higher  level 
of  assembly,  using  the  models  and  examples  developed  subsequently 

4.  COMPUTATION  OF  SPARES  UNREADINESS 

Spares  unreadiness  at  a  given  level  of  assembly  (higher  than  the 
discard  level)  at  a  given  repair  location  is  created  according 
to  the  probability  that  shortage  is  developed  for  the  higher 
level  of  assembly,  coincidentally  with  a  shortage  at  the  lower 
level  of  assembly.  Sines  the  net  effect  of  the  unreadiness  at 
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the  lower  level  of  assembly  is  to  extend  the  service  time,  it 
is  convenient  and  appropriate  simply  to  adjust  the  mean  service 
time  of  the  higher  level  of  assembly. 

Similarly,  a  shortage  due  to  spares  at  a  higher  echelon  (field 
depot)  for  a  given  level  of  assembly  is  reflected  in  unreadi¬ 
ness  at  a  lower  echelon  (organization,  field),  according  to  the 
probability  that  a  shortage  at  the  lower  echelon  occurs  coinci¬ 
dentally  with  a  shortage  at  the  higher  echelon,  Again,  since 
the  result  is  to  extend  the  service  time  of  the  next  higher  level 
of  assembly  at  the  lower  echelon,  it  is  appropriate  to  adjust  the 
mean  service  time  at  the  lower  echelon. 

Alternatively,  it  is  appropriate  simply  to  add  the  tinreadiness 
contibutions  from  each  level  of  assembly.  Table  VI-4  illus¬ 
trates  the  methodology. 

Actually,  unreadiness  always  manifests  itself  througn  direct 
contact  between  the  service  channel  and  the  end  item  being 
supported.  Hence,  a  more  accurate  picture  is  prot rayed  by 
addition  of  waiting  time  for  repairable  spares  or  parts  to 
the  service  time  of  the  service  channel  having  direct  contact 
with  the  end  item.  Where  unreadiness  contributions  are  small, 
and  u<0.1,  simple  addition  of  unreadiness  contributions  is 
recommended  (Iu< ) ,  where  demand  reates  are  based  upon  popula¬ 
tion  (N0),  which  compensates  for  unreadiness  of  the  direct 
support  service  channel.  Of  course 

N0X=Nl(l-u) .  Vl-a 

When  computing  unreadiness  contributions  of  spares  demands,  it 
may  be  more  convenient  simply  to  modify  the  item  failure  rate 
by 

>*~(l-u)l.  VT-b 

A  further  complication  arises  when  subsystems  are  significantly 
interdependent  in  unreadiness  contributions.  Suppose  there  are 
(n)  subsystems,  each  contributing  (ut )  unreadiness. 

ut  »f  (s,C,A,.i,N)  VI -c 

If  the  subsystem  (i)  does  not  operate  when  another  gubystem  (j) 
is  in  an  unready  state  an  appropriate  modification  is  v\ecessary 
to  the  demand  rate  of  subsystem  (i). 

If  u  *  unreadiness  contributed  at  the  direct  support 
service  channel 

Uj*  unreadiness  contributed  by  sysbyatera  (j). 
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u,=  unreadiness  contributed  by  subsystem  (i) 

failure  rate  of  subsystem  (i) 

A  modified  demand  (failure)  rate  is  established  for  sub¬ 
system  (i)  as  a  result  of  direct  support  unreadiness. 


>*=(l~u)\  VI -d 

This  demand  rate  raust  be  further  modified  as  a  result  of 

unreadiness  contributed  by  subsystem  (j) 

)>.,  VI -e 

or,  if  u<0.1 

u(<0.1 

then  i**=(l-uj>*  VI -f 

This  produces 

UjSf,  (&>C_  VI -g 


Note  that  N,  not  N0  is  used  in  this  case,  from  equation 
VI -a. 


For  each  level  of  assembly  for  which  spares  are  feasible 
at  a  given  location,  a  range  of  unreadiness  is  established  a 
a  function  of  cost.  This  computation  is  based  on  minimiza¬ 
tion  of  unreadiness  with  respect  to  a  cost  allocation.  The 
models  to  be  used  for  this  purpose  will  be  found  at  the  end 
of  this  appendix.  This  is  done  successively  for  each  level 
of  assembly. 

For  a  particular  combination  of  cost  allocation  to  level  of 
assembly,  the  aggregate  cost  and  unreadiness  is  given  by 

IJWU.  +u  u  . 

SI  •  ■  »  *  ' 


Considering  a  given  assembly  level,  the  rate  of  return  in  un 
readiness  reduction  may  be  computed  for  successive  cost  alio 
cations. 

This  is  shown  symbol  led  1  y  in  Table  VI ~ i? . 
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OPTIMALITY  CONDITION 


The  condition  for  optimality  is  given  by 


the  marginal  returns  for  an  additional  cost  investment  is  the 
same  for  all  levels  of  assembly.  The  mechanics  of  achieving 
this  condition  follows: 


Given;  (1)  unreadiness  goal  (u),  (2)  or  total  permissible 
cost,  from  the  tabular  array,  determine  if  the  unreadiness  con¬ 
dition  (u0)  can  be  satisfied  with  selection  of  one  or  a  combina¬ 
tion  of  entries  from  the  first.,  column  of  table  VI -4,  i.e., 

(ctl)  and/or  (cti)  and/or  (cpl).  If  yes,  then  the  range  must 
be  extended  to  lower  cost  allocation.  Select  the  entry  (taole 
VI~5)  (cbi),  (cal),  (cpl)  having  the  maximum  (rx).  The  allo¬ 
cation  of  one  unit  in  this  row  and  zero  in  the  others  is  selec¬ 
ted  as  rhe  first  feasible  solution,  and  has  associated  with  it 
in  unreadiness  (u' )  and  (c'},  where  (u' }  is  the  sume  of  (u)  in 
the  selected  row,  or  level  of  assembly,  and  the  (u0's)  of  the 
other  rows.  For  example,  if  (rpx)  is  chosen. 


u 


:uH'+u,o+u#e 


(c')  is  similarly  determined. 


If  u'<u,  an  optimum  allocation  has  been  reached.  If  u'>u, 
select  the  maximum  of  (r,  )  in  the  same  row  as  the  selected  (r  ) 
and  the  unused  (r  's). 

If  u' >u,  repeat  the  cycle.  When  the  condition  reached  such 
that 


u '  s  u , 

the  associated  optimum  cost  is 


where  (i) ,  ( j) ,  (k)  correspond  to  the  selected  levels  of  spares 

for  the  three  assembly  levels. 


The  conversions  and  computations  necessary  foi  establishing  un 
readiness  at  the  using  location  require  the  application  of,  at 
moat,  three  logistic  models?  these  models  are  special  cases  of 
one  mode!  which  will  be  shewn  later. 
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6.  MODEL  1 


This  model  may  be  used  for  computation  of: 

a.  Lifetime  Discard  Spares#  with  the  parameters 
tj  =  L  -  Lifetime, 

X  -  failure  rata,  and 
c  ®  item  cost* 

b.  Repair  -  Remote  Repair  (Field  or  Depot),  with  the 
parameters 

tj  =  service  time  (includes  pipeline  time,  repair 
time) , 

=  failure  rate,  and 
ct  -  item  cost, 

c.  Discard  -  Reorder  Time,  with  the  parameters 
tt  =  re-order  time, 

>.  =  failure  rate,  and 

c.  -  item  cost. 

1. 

d.  Repair  -  Local,  with  the  parameters 
t(  =  service  time  at  site, 

X  -  failure  rate,  and 
c(  -•  item  cost. 

Limitations 

The  nv-^el  is  baaed  on 

a.  Infinite  population, 

b*  Exponential  demand  end  eervice  time,  and 
c.  Single  service  channel . 
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6.1  GENERAL  METHOD  OF  APPLICATION 

Consider  that  spares  are  allocated  to  a  specific  location,  viz., 
organization  /  field,  or  depot. 


Let 


tj  =  service  time  required  to  restore  an  item  to 
operational  status  (satisfy  a  demand) , 

i  *  item,  and 


Pj s  -  probability  of  more  than  (j)  demands  during 
period  (t?). 


If  (j)  spares  have  been  allocated  to  item  type  (i) ,  the  expected 
downtime,  due  to  shortages  of  spares  (Mg  }j),  will  be  as  follows: 


(VI-i) 


and  the  unreadiness  (u{ ^ )  will  be 


u  =M  /t  «P  /(  ) 

13  «  -3  1  !  s'  '  i  f r  ’ 


(VI -2) 


The  incremental  decrease  in  unreadiness  (Au  ^ )  due  to  adding 
another  spare  will  be: 


Au  P  (  ) /(  )  1  -u  , 

and  the  incremental  decrease  p°r  unit  cost (6  )  is 


(VI-3) 


r.  ,/c: 


where 


c  -cost  of  i. 

The  probability  (P.  %)  is  computed  by  means  of  the  Poisson  dis¬ 
tributive  ,  using  pat ameter  (\  )  (cemand  rate)  and  (t  )  (service 
time)  .  Each  item  is  c-issumed  to  contribute  independently  to  un¬ 
readiness.  Table  VI-6  illustrates  unreadiness  as  a  function  of. 
demand  rate  (failure  rate  in  this  case)  and  service  time  (supply 
time  in  this  case) . 
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It  is  required  that  unreadiness  due  to  lack  of  spares  be  reduc¬ 
ed  so  as  to  be  compatible  with  an  operational  readiness  goal. 

Let  (u)  be  the  permissible  unreadiness.  It  will  be  more  conven¬ 
ient  to  carry  out  the  following  steps,  in  some  tabular  form: 

a.  Of  the  (n)  item  types  to  be  considered,  compute  (u,  ) 

and  (Z  u  ) .  1 

» =1  5 

b.  Compute  (Aut 3 )  for  each  of  (n)  item  types,  based  on  the 
addition  of  one  spare. 

c.  Compute  (rf  3)  for  each  of  (n)  item  types. 

d.  Chose  maximum  value  of  (r(  )  and  compute  the  total 
unreadiness  (u')  as  follows: 


u'*S  ut  J-4utJ  (VI-4) 

where  (Au^  )  is  paired  with  maximum  value  of  (6^). 

e.  Decision  Rules: 

(1)  u'<  u,  STOP,  the  goal  has  been  reached. 

(2)  u'>  u,  add  another  spares  to  this  item  type, 
recalculate  (Au(  } )  and  (ri(), 

f.  Repeat  steps  4  and  5,  always  adding  spares,  to  maximum 
value  of  (r( , ) ,  until  the  goal  has  been  reached,  viz.,  (u_ >u) . 

The  optimization  procedure  is  shown  in  figure  VI -4. 

6. 2  Spares  Procurement  -  Example 

Consider  the  problem  of  provisioning  spare  parts.  The  approach 
to  sparing  is  based  on  the  preceding  method,  using  either  (1) 
confidence,  or  (2)  unreadiness  criterion,  which  permits  achieve¬ 
ment  of  a  fixed  level  of  protection  at  minimum  cost.  The 
optimization  procedures  are  similar,  with  one  very  important 
difference,  that  of  the  criterion. 

Table  VI -7  lists  the  results  obtained  in  solving  the  problem  of 
maximum  protection  at  a  fixed  cost.  The  target  cost  is  $650. 

A  spares  list  is  presented  for  fifty  identical  modules  used  on 
an  equipment,  with  the  protection  level  afforded  and  the  cost 
ihcurred  in  sparing  by  the  confidence  and  unreadiness  methods. 


t.em 
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Parts  vs.  Modules 


Let 


X  *  0.123  part/hours,  per  equipment,  and 

U.  =  0.5  per  hour,  repair  time, 

and  assume  there  are  no  spare  modules  or  equipments.  The 
average  unreadiness  due  to  the  failure  and  repair  of  the  module, 
assuming  a  perfect  supply  system,  will  be 

u  -  Xu  *  0.246, 

and  the  aggregate  unreadiness,  assuring  the  supply  system 
developed  in  table  VI -7,  will  be 


u  =  u  +u 

«  p 

-•  .24600024  (Unreadiness  Method). 

Following  the  method  of  Model  1,  if  an  additional  electron  tube 
were  added  to  decrease  unreadiness,  the  marginal  return  would  be 


An 


^  -  ifff  -  Hr  W  -  (2)  U0-"),  and 
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r  ~  Au  /c.  -  (2)  (1C~8 )/3.00  =  )  (0.67) (10 ~®) „ 

p  P  i 

Let  the  cost  of  a  repairable  module  be  the  sum  of  cost  of  the 
parts,  viz.,  §370.80.  The  return  in  readiness  for  adding  one 
module  is  shown  as 

Au^  =  .205,  and 

rB  *  (55300)  CO-8) 

The  unreadiness  return  ratio  (r,)  formed  by  comparing  the 
relative  merits  of  acquiring  a  module  versus  adding  a  part  is 
82,500  to  1.  A  second  spare  module  provides  a  return  ratio 
4900  to  1,  a  third  264  to  1,  and  a  fourth,  12  to  1. 

6 * 4  Life  Time  Discard  Spares 

The  following  example  has  been  prepared  to  illustrate  the 
different  interpretations  of  service  time  and  conditions  under 
which  spares  will  not  be  completely  used.  The  total  cost  of 
discard  items  over  the  lifetime  of  the  v,  stem  is  determined  by 
the  following  models 
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Let 


j  “  number  of  spares *  per  item  type,  computed 
using  provisioning  model, 

L  *  life  of  system,  and 

\  =  total  failure  rate  {calendar  hour)  per  item  type. 


If 


L\>t, 

the  (j  Cj)  is  the  total  cost  of  the  spare  per  item  type. 
If 


‘W 

-  W.* 

add  (L-ti)>,!  spares  to  (jt),  the  total  cost  (j*  e  )  then 
becomes 

jjCj  «  [jj+tL-t^Xj^.  (VI-5) 

Where  spares  are  allocated  only  to  the  field  or  depot,  down¬ 
time  will  occur  for  each  demand  at  the  organization. 

The  problem  is  as  follows: 

a.  Determine  spares  of  all  types  required  at  a  site  to 
meet  operational  readiness. 

b.  Determine  total  spares  for  all  sites. 

c.  Determine  additional  spares  by  cype ,  if  any,  for  depot 
inventory.  If  spares  by  type,  for  all  sites,,  exceed 
requirements  for  a  single  depot,  based  on  total 
failures,  the  depot  need  not  have  spares  of  that  type , 

Table  VI -8  was  prepared  to  indicate  apare  requirements  as  a 
function  of  unreadiness,  failure  rate,  and  sparing  location. 
Also  shown,  where  applicable,  are  the  unused  spares  at  the  end 
of  life  cycle  as  a  result  of  meeting  unreadiness  conditions  and 
minimum  lifetime  purchase  requirements. 
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140 i  1  31  1-740  1-860 


where 


*  aggregate  failure  rate  of  item  type  per  year. 


u  =  unreadiness, 

«i  »  initial  spare  requirements  at  one  site, 

sl0*  initial  spare  requirements  for  10  sites, 

d4  *  spare  requirements  if  spares  are  located  at  depot, 

LAt  =»  expected  lifetime  usage, 

Afij  0 *  net  difference  between  on-aite  spares  required  at 
10  sites  by  unreadiness  conditions,  and  expected 
lifetime  demand  (Plus  equals  ormsed,  minus?  indi¬ 
cates  reorder  is  necessary) . 

As^ *  net  difference  between  depot  spares  required  by 
unreadiness  conditions  for  10  sites,  and  total 
lifetime  demand. 

j't  »  total  spares  requirements  for  10  sites,  at  site 
*  location,  over  lifetime  of  equipment. 

j'ta=  total  spares  requirements  for  10  sites,  at  depot 
location,  over  lifetime  cf  equipment.  Where 
depot  spares  for  one  year  permit  a  one-each 
allocation  to  sites  with  some  left  over,  it  is 
anticipated  that  all  spares  would  be  kept  at  the 
depot.  If  spares  were  allocated  to  sites,  a 
reduction  in  ureadineas  due  to  the  order  time 
could  be  achieved. 

M  =  nuninmm  buy  based  on  first  year  supply.  If  spare 
requirement  is  less  than  one,  requirement  is  based 
on  lifetime  unreadiness  permissible. 

Au  *  expected  site  unreadiness  decrement  resulting  from 
depot  delays,  including  transportation  (if  spare 
are  centralized  at  depot). 

Site  unreadiness  is  determined  by: 

N  ft/Vt,]  e  site  unreadiness, 

t 
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where 


_4  =  number  of  depot  demands, 

t  «  transportation  time  per  demand  (.01  years), 
Y  »  number  of  sites  =  10,  and 
L  *  equipment  life  =  10  years. 


7 .  MODEL  2 

Model  2  is  developed  in  appendix  III. 

This  model  is  applicable  at  the  replacement  level  of  assembly, 
which  contributes  unreadiness  directly  to  the  end  item  being 
support  c-d . 

The  method  of  application  of  the  model  is  detailed  in  appendix 
III.  This  model  is  used  to  establish  tradeoff  conditions 
among  major  spare  assemblies,  personnel,  scheauling,  and 
unreadiness.  Test  equipment  complements  required  to  sustain 
service  rates  can  be  determined  and  traded  with  personnel  and 
end  item  unreadiness. 

8.  MODEL  3 

When  the  organizational  or  field  repair  consists  of  replacing 
a  repairable  spare,  some  unreadiness  may  be  contributed  by  un¬ 
availability  of  repairable  spares,  while  awaiting  replenish¬ 
ment  by  the  depot.  The  model  used  for  this  situation  is  a 
special  case  of  Mode1  2,  as  described  in  appendix  III,  and  uses 
the  same  tables.  For  Model  3,  (c)  designates  number  of  spares, 

rather  than  service  channels,  as  in  Model  2.  The  service 
rate  (u)  is  interpreted  as  "he  inverse  of  turnaround  time  f  n 
obtaining  a  -spare  from  the  depot.  Other  parameter  definitions 
are  unchanged,  except  for  (s)  (spares  in  Model  2)  which  is  not 
used,  since  for  Model  3,  (s)  always  equals  zero. 

The  behavior  of  Model  3  is  illustrated  in  figure  ■ 
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Figure  VI -5. 


To  determine  the  unreadiness  contribution  from  repairable  spares 
at  organization  or  field,  it  is  only  necessary  to  make  appro¬ 
priate  parameter  val^e  replacements  into  the  procedure  for  Model  2 

9.  ERROR  ANALYSIS  OF  UNREADINESS  LEVELS 

The  interplay  among  the  basic  parameter  inputs  dictates  the 
accuracy  of  the  model  performance.  These  parameters  are: 

t  =  Item  time  parameter, 

B  -  Operational  rate, 

C  =  Item  cost,  and 

'  -  Failure  rate. 

The  time  parameter  is  important  for  consumable  items  (parts, 
non-repa trable  assemblies  at  location  tor  periodic  bulk  order). 

In  conjunction  with  the  operational  rate  and  failure  rate,  these 
parameters  provide  a  best  estimate  of  usage  (subject  to  conditions 
be  low ) . 

The  expected  usage  is 

p*  -  • St { 1 -u ) . 
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The  error  associated  with  p*  is  measured  by 
Ap*  *  (1-u)  ['XB"t+tABA‘\  ] . 

(u)  is  the  unreadiness,  and  is  estimated  using  (p*) . 

Suppose  unreadiness  levels  (u*)  and  (u*)  are  established  as 
minimum  and  maximum  usable  levels  for  It  particular  equipment. 

If  item  cost  js  introduced,  the  number  of  spares  of  each  type 
to  achieve  (u  )  at  minimum  cost  can  be  computed.  This  is 
repeated  for  (u*) ,  and  difference  in  cost  noted. 

Error  jates  may  be  introduced  to  check  the  sensitivity  of  (u*) 
and  (u*)  with  respect  to  cost,  additionally,  the  range  of 
(u*)  and  (u*)  may  be  investigated  by  computing  the  minimuni  spares 
cost  for  (u*),  (u*+Au) ,  (+u*+2Au) ,  (...u*-Au),  (u*-2Au. . . ) . 

1  *  1  e  r 

This  sensitivity  analysis  provides  a  complete  picture  of  cost 
variation  as  a  ^urction  of  (u*)  for  an  equipment,  along  with 
error  implicate  ana  in  (u*)  as  a  function  of  (Ai),  (At),  and  (AB) 


APPENDIX  VII 

PARTS  SELECTION  CRITERIA 


L.  COST  ASPECTS 

/ 

*  ^ 

The?*  purpose  of  this  appendix  is  to  present  the  development  of 
cost  aspects  involved  in  selecting  between  alternative  candi¬ 
date  parts  to  fulfill  an  objective.  In  this  presentation  of 
the  subject,  it"i&.  assumed  that  part  type  (a)  is  an  estab¬ 
lished  standard  parEN^n  USAF  Inventory.  The  decision  making 
is  based  on  simple  incremental  difference  in  total  expected 
cost. 

Let  c  -c  =ac, 

•  D 

where  cs  =  cost  of  part  alternative  (a),  and 

c,  =  cost  of  oart  alternative  (b) . 

u 

The  difference  in  costs  between  two  candidate  parts  will  arise 
from  one  of  these  sources. 

a.  Difference  in  failure  rate. 

b.  Difference  in  unit  cost. 

c.  Difference  in  fixed  costs. 

d.  Difference  in  product  improvement  cost. 

Let  L  =  Expected  life  of  system  for  which  parts  are  being 
evaluated. 

^  =  failure  rate  of  part  type  (a). 

=  failure  rate  of  part  type  ;b) . 

c  =  unit  price  of  alternative  fa). 

-  unit  price  of  alternative  (b) ,  a  function  of 
number  purchased. 

cf  s  cost  of  failure  measured  by  maintenance  require¬ 
ments  (excluding  part  costs) . 


N  =  Number  of  application  of  part  types  (a)  and  (b) . 

P  *  Cost  of  product  improvement  program  for  parts  (b) . 
Total  number  of  part  type  (a)  usage. 
c<f“  Unit  cost  of  ith  part  (b)  used. 

I  =  Cost  of  entering  part  type  (b)  into  inventory. 

The  expected  total  cost  difference  becomes 
Ac®  — c 

ft  % 

==NL  (A  -A  )c  =  difference  in  cost  of  maintenance. 

ft  * 

N(l+LAb) 

+N(l-fLA  )c  -  Ac  =  difference  in  cost  due  to 

lsn  usage. 

-Ph  “cost  of  product  improvement 

-I  “cost  of  entrance  of  part  type  (b)  in  to 

AP  Inventory. 

-Q  “qualification  cost  for  part  (b)  for  com- 

'  pliance  with,  military  specifications. 

The  expression  for  Ac  becomes 

N(l+LAo) 

Ac-m, (X.  -X„ ) 5,  +  (H+l! LX.C. -2  e,„ -P„ -I, -Q,  . 

l"l 

If  Ac>0,  then  type  (b)  is  preferable. 

2 .  BREAKEVEN  COSTS 

The  breakeven  cost (a)  for  part  (b)  are  determined  by  jotting 
AC“Q:  i.e. 

a.  HL (\  -\ ) cf +N (1+LA# ) c# -N(l+LAb ) - (P,+Ib+Q J =0. 
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b.  for  cost  per  failure 

cf  :>(P„+I„+Q*+N(1+L\  )cb  -N(l+L\ ) cB> 

* 

c.  for  ^^(P^Q^  +  I^J-Nd+LAjc^-NLr^^+Nc^ 

-  (NLCf  -i-i'TLc^ ) 

3.  PRODUCT  IMPROVEMENT  TRADEOFF 

A  standard  method  in  product  improvement  it.  to  test  out  un¬ 
reliable  parts.  The  net  effect  of  this  is  to  enhance  the 
operational  reliability  and  reduce  the  production  yield. 

Let 

AA  =  change  in  failure  rate  of  party  type  (b) 
resulting  from  incrementing  additional 
time  to  the  jth.  time  interval. 

AP  =  the  incremental  cost  un  to  the  jth  interval 
in  the  product  improvement  program  to  ac~ 
achieve  (AVv),  and 

AUJt  =  average  increase  in  unit  price  in  part  type 
(b)  testad  to  the  jth.  interval  as  a  result 
of  decreased  yield. 

The  breakeven  condition  justifying  further  reduction  in 
failure  becomes 


*  *  N(c.+SAc  V-NLc  > 

-£A\  i(P. +£APj  +1  '*G  ) -N  (,1+LA  )  c  +  ”  3  J 

C  J  ^  D  DOO  - -C - -  ■’  . - 

3=1  3=1 


NLc  t.FAu  )  -NLc 
3  3  »>  t 


4.  THF  COF?  OF  FAILURE 


The  cost  of  a  failure  involves  helically  two  aspects: 

a.  The  manpower  and  equipment  required  to  restore  the 

system  to  operability  (see  appenxid  III).  As  pointed 
out  elsewhere,  the  support  system  must  be  evaluated  t 
determine  if  demonstrable  changes  are,  in  fact,  broug 
about  as  a  result  of  selection  between  alternatives. 
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b.  The  cost  of  unreadiness.  This  aspect  is  at  be3t  fraught 
with  many  real  as  well  as  philosophic  problems.  First 
of  all,  there  is  the  problem  of:  translating  the  part 
failure  rate  into  degraded  states  of  system  behavior 
(Methodology  exists  for  this  purpose).  Secondly,  there 
is  the  problem  of  cost  of  unreadiness.  This  problem 
may  be  approached  as  follows  i 

Let 

ct  ~  total  system  cost  estimate,  and 

R  -  readiness  associated  with  system. 

The, 

T» 

—  »  return  in  readiness  per  unit  cost, 

ct 

and  let 


AR  -  change  in  readiness  resulting  from  a  decrease  in 
failure  rate  from  choosing  alternative  b. 

Then,  if 


Ac.  < 


ARct 
R  ' 


the  imputation  is  that  an  increment  of  funds  (Ac)  is  a  justi¬ 
fiable  expenditure  to  gain  a  return  (AR/  in  readiness.  The 
reduction  in  unreadiness  (AR)  referred  to  above  is  the  result 
of  the  net  reduction  in  failure  rate.  To  translate  this  into 
terms  of  equation,  a  madification  is  required.  This  becomes 


Ae--NIi  -\)cf  -Acr+N(l+L\  )cs  -N(1+LA 


b)cs-{Pl  +  IH+QJ 


Note  -  For  establishing  the  cost  of  part  usage,  a  multiplier 
cf  (3)  should  be  introduced  to  these  ttrmn  (See  appendix  VIII). 


APPENDIX  VIII 

COST  CONSTANTS  AND  RELATED  INFORMATION 


1 .  GENERAL 

Accurate  prediction  of  the  lifetime  costs  associated  with  a 
military  system  requires  data  from  its  future  user,  its  designer, 
and  its  future  manufacturer.  The  costs  of  design,  development, 
and  manufacture  will  be  estimated,  normally,  almost  entirely  from 
data  which  the  manufacturer  has  concerning  his  own  operation, 
using  procedures  that  he  uses  in  estimating  bids.  The  costs  of 
operation  and  maintenance  require  data  from  two  sources:  (a)  the 
manufacturer,  providing  estimates  of  failure  and  repair  rates, 
skills  and  test  equipment  required,  cost  of  spares,  etc.  and 
(b)  the  Government,  providing  costs  of  human  resources,  handling, 
and  the  like. 

Th:‘.r  appendix  lists  values  which  have  been  used  in  application 
of  the  techniques  described  in  this  report.  Much  work  remains 
to  be  done  to  develop  more  refined  estimates  of  many  of  these 
cost  element  values.  The  listed  values  are  the  best  available 
to  the  authors,  and  can  result  in  useful  problem  solutions. 

2 .  PERSONNEL  COSTS 
2 . 1  General 

Personnel  cost  is  based  on  the  following: 

a.  Skill  level. 

b.  Longevity. 

c.  Rations. 

d.  Quarters  allowance. 

e.  Clothing  allowance. 

f.  Retirement. 

q.  Training  cost. 


2.2 


Pax 

Cost  contributions  (a)  through  (e)  are  combined  in  the  Standard 
Basic  Rate  Table  (AFM  177-101 )  1964.  These  standard  rates  are 
listed  in  table  III-l,  by  skiLl  level. 

2.3  Retirement  Cost 


The  contribution  to  personnel  cost  from  retirement  i3  obtained 
as  follows: 

Pt  =  probability  of  remaining  in  service  until 
retirement  given  that  the  man  has  reached 
skill  level  (i). 

-  rate  of  pay  at  retirement. 

t§  1  =  expected  retirement  time  in  years. 

j  =  expected  retirement  cost  per  year. 

The  cost  of  retirement  for  a  man  of  skill  level  (i)  (Srl),  Per 
year,  becomes  as  follows: 

s,,’p.t.,r,/40 

Time  to  retirement  is  assumed  to  be  20  years  and  the  time  in  re¬ 
tirement  30  years  (two  assumptions  are  involved  here:  (1)  time 
before  and  (2)  after  retirement;  the  assumptions  tend  to  cancel 
out  the  errors  involved) . 

Values  forpt  : 


E-3  or  below 

o,=0,00 

E-5 

ps-0.10 

E-? 

p7 “0. 75 

E-9 

pa“l,00 

These  values  were  established  from  data  at  Seymour  Johnson  AFB. 
The  base  pay  at  retirement: 

E-l  rx -1,344 
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Values  for 


E-3 

r,=2,03C 

E-5 

r8=3,444 

E-7 

r?=4,536 

E-9 

re=5#940 

S  $  based  on  pay  at 

retirement : 

E-3  or  below 

S  =  0 

f  3 

E-5 

S  =  252 

r  5 

E-7 

Sf7=2,531 

E-9 

S  =4,383 

2.4  Training  Cost 


The  training  costs  vary  significantly  between  skill  fields, 
which  are  dependent  on  hardware  design.  The  training  costs 
incurred,  which  include  basic  and  specialised,  are  charged 
based  on  the  number  of  replacement  personnel  required  by  the 
system  under  consideration.  Training  of  personnel  already 
trained  represents  funds  already  spent  and  these  should  not  be 
charged  against  a  potential  system.  Training  costs  should  be 
based  on  Standard  Military  basic  Pay  and  Allowances  Pate  by 
skill  level. 


2.5  Summary 

Total  personnel  cost,  by  skill  level,  is  shown  in  table  VIII-1. 
The  values  shown  under  year  total  do  not  include  the  cost  of 
training.  Training  is  shown  in  a  separate  column  as  a  per  month 
training  charge, since  the  amount  of  training  time  varies  widely 
for  skill  fields. 
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TABLE  VIXI-1 


TOTAL  COST  BY  SKILL  LEVEL 


Skill 

Level 

Standard 
Basic  Rate 

Base  Pay 
at 

Retirement 

Retirement 

Cost 

Year 

Total 

Training 

(Per 

Month) 

E-l 

2,292 

1,344 

0 

2,292 

191 

E-3 

2,724 

2,030 

0 

2,724 

- 

E-5 

4,920 

3,444 

252 

5,172 

- 

E-7 

6,408 

4,  536 

2,531 

8,939 

- 

E-9 

8,040 

5,940 

4,383 

12,423 

- 

3 .  DEPOT 

LABOR  COST 

This  cost  is  obtained  from  the  appropriate  Command  Workload  Group, 
e.g.,  Fire  Control  Systems,  Directorate  of  Material  Management,  at 
►he  Air  Force  Depot  of  concern.  This  labor  cost  consists  of  direct 
and  indirect  cost,  with  the  indirect  cost  comprising  supervision, 
overhead,  and  benefits.  For  WRMMA  these  coats  are: 

Direct  Labor  $2.54  per  hour 
Indirect  $3.36  per  hour 

For  SAJttP  the  given  total  cost  per  labor  hour  is  $8.08. 

4.  PERSONNEL  BACKUP  FACTOR 


Additional  personnel  must  be  provided  to  fill  vacancies  resulting 
from  sick  leave,  furlough,  etc.  The  backup  factor  used  is  0.2, 
meaning  that  manning  is  increased  more  than  20  percent  by  adding 
the  backup  per  subsystem  skill  level,  rounding  upward. 

The  value  for  backup  factor  *ag  obtained  from  AFM  26-1. 

5.  PARTS  USAGE  FACTOR 

The  parts  usage  factor  was  obtained  from  an  analysis  of  fisid 
failure  data,  viz. ,  three  parts  replaced  per  one  failure  (reference 
RADC  TN-58-307  15  August  1958). 
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6.  TRANSPORTATION  COST 


Transportation  cost  by  commercial  air  freight  varies  significantly 
wi'nh  distance  and  weight.  There  c*re  usually  minirsum  charges , 
e.g.,  $4.70  from  1  to  54  pounds.  If  commercial  air  freight  is 
used  for  item  shipment,  precise  quotes  may  be  obtained  from  Air 
Freight  Agencies.  Where  regular  MATS  is  used,  which  will  gen¬ 
erally  be  the  case,  no  charge  should  be  incurred,  since  the 
absence  of  shipment  would  not  influence  the  service.  Where 
special  MAI'S  flights  are  involved,  the  cost  incurred  sho*,?d  bo 
based  on  fuel  con sup t ion  only. 

Where  commercial  rail  or  trucking  is  used,  shipment,  may  be  ob¬ 
tained.  Where  service  vehicles  are  used,  fuel  consumption,  and 
sustenance  per  trip  should  be  charged.  Personnel  vehicles  are 
charged  only  if  the  location  required  additional  personnel  and/ 
or  vehicles  to  perform  this  service. 

7.  SUPPLY  COSTS 

The  following  supply  cost  factors  are  used: 

I  =  Cost  of  line  item  entrance  into  the  supply  system  =  $34.00 

M  «  Coat  of  maintaining  a  line  item  in  the  supply  system. 

Per  ye  air  =  $19.00 


D  =“  Repair  documentation  (Debit  and  Credit)  *  $14.00 

R  =  cost  of  maintaining  a  stock  item  in  the  Master 

Repair  Schedule  (MRS),  pet  year  =  $29.00 

Line  item  entrance  cost  (I)  was  obtained  from  AFLCR  400-20,  and 
AFSCR  400-4,  dated  14  February  *964. 

Line  item  maintenance  cost  (M) ,  repair  documentation  cost  (D) , 
and  the  cost  of  maintaining  a  stock  item  in  the  MRS  ( R) ,  were 
obtained  from  RADC-TDR-63-140,  AD405779,  March  1963. 


APPENDIX  IX 

VALUE  ENGINEERING  TECHNIQUE  APPLICATION 


X.  INTRODUCTION 

The  value  engineering  technique  described  in  this  report  provides 
the  opportunity  for  value  engineering  throughout  the  range  of 
system  concept  and  development.  It  also  lends  itself  to  appli¬ 
cation  at  any  required  level  of  analysis  detail.  It  remains  the 
responsibility  of  the  Value  Engineer,  however,  to  choose  the  ap¬ 
propriate  level  of  detail  required  for  practical  dec is ion -making 
at  the  existing  level  of  system  development.  To  provide  some 
insight  regarding  the  practical  application  of  the  technique, 
this  appendix  will  examine  a  hypothetical  system  in  Which  the 
value  engineering  technique  is  applied  in  tin?  proposal  phase. 
Although  the  exanple  is  hypothetical,  it  is  similar  to  an  appli¬ 
cation  actually  accomplished. 

2.  THE  SYSTEM 

A  ground  electronics  system  is  being  proposed  for  aircraft 
mission  and  traffic  control.  The  system  is  comprised  of  Radar, 
Data  Processing,  and  Communications  subsystems. 

Tnree  squadrons  are  planned,  each  including  three  radar  sites 
and  a  Cctanand  and  Control  Center,  Each  radar  site  has  a  radar, 
associated  data  processing,  and  communications. 

Maintenance  support  is  provided  by  a  t^nadion  maintenance  van 
assigned  to  each  squadron,  and  a  field  shop  assigned  to  the 
wing. 

The  following  maintenance  policies  will  be  applied; 

a.  Failure  at  a  radar  site  will  be  localized  tc  the  de¬ 
gree  possible  by  operator  personnel,  with  assistance 
of  the  data  processing  equipment  where  feasible. 

b.  If  a  spare  is  carried  on-site,  the  operator  personnel 
will  correct  the  failure  and  request  a  replacement 
spare  by  radio.  The  replacement  will  be  delivered 
from  the  squadron  maintenance  van,  by  small  vehicle. 

When  tn*  rcplaceasnt  is  delivered,  the  failed  item 
will  be  sieved  "h  for  detail  repair. 
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If  a  spaxe  is  not  carried  on-site,  the  operator  per¬ 
sonnel  will  call  squadron  maintenance,  and  transmit 
localization  data  to  the  degree  available.  Squadron 
maintenance  personnel  will  proceed  to  site  with  anti 
cipated  test  equipment  and  spares  requirements, 

2.1  •  Mtern ativea 

Alternatives  to  be  invent iaated  include: 

a.  Suo<*sse::;bly  discard  or  repair. 

b.  Automatic  fault  isolation  or  manual  isolation  using 
spec  •i&l  OS'  general  purpose  equipment, 

c.  Assembly  repair  at  squadron  or  field  ahop. 

d„  Assembly  spares  at  s-iLe  or  squadron  maintenance  van. 

2 . 2  The  Support  dtructnre 

I,i  order  to  reduce  analytical  requirements,  the  most  economic 
support  c,u.  ternative  wi:l  be  analyzed  first,  with  subassembly 
repair.  If  the  alternative  is  feasible,  it  will  be  compared 
with  the  discard  alternative. 

The  network  below  illustrates  the  activities  of  the  first  sup 
port  alternative. 


,x>cel  iZvit  data  transmitted  to  squadron-. 


d.  Spara  is  obtained  from  ready  inventory  at  squadron. 

e.  Squadron  personnel  travel  to  site. 

f.  Failure  is  further  isolated  to  replaceable  subassembly, 

tailed  iters  la  h.*»d  replaced*  »ubeya^<aa  cliecked 

out. 

g.  Failed  unit  is  returned  to  squadron  for  field  shop 
pickup. 

h.  Failed  unit  is  returned  to  field  shop  for  repair. 

i.  Repair  is  accompli shed. 

j.  Repaired  unit  is  returned  to  ready  inventory  at  squad- 
iron. 

tt  is  the  action  thuo  inquired  to  accomplish  the  follow¬ 
ing  event. 

In  this  alternative,  no  spares  arc  carried  on-site,  except  those 
built-in  as  redundant  units.  A  single  spare  is  kept  at  squad¬ 
ron  maintenance  for  each  assembly  type.  All  repair  of  assemblies 
is  accomplished  in  the  field  s^op.  Repaired  units  are  delivered 
to  the  squadron  maintenance  va»  daily,  using  vehicles  assigned 
to  the  wing.  Pickup  at  squadron  for  field  shop  repair  is  accom-  ; 

plished  on  the  same  trip.  Since  volume  is  small,  deliveries 
are  combined  with  those  for  supply,  mail,  etc. 

2.2.2  Support  Structu^-*  Analysis 

Analysis  is  required  to  determine  whether  this  alternative  is 
capable  of  meeting  the  operational  readiness  requirement 


R-0.9 


The  following  procedure  will  be  followed: 

a.  Analyze  field  shop  workload,  determine  mean  downtime 
contribution  (t, 4»waiting  time  for  units  in  excess  of 
spares)  . 

b.  Analyze  squadron  workload, 

c.  Combine  field  shop  and  squadron  contributions  with  site- 
contribut-sd  unreadiness,  to  determine  system  unreadiness. 
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Table  IX-1  describes  the  radar  skill/hardware  package,  as  allo¬ 
cated  for  repair  by  radar  skills. 

Table  IX-1  Radar  Skill/Kardware 
Package 


RADAR 

SITE 

ccc 

H.  V. 

POWER 

AM? 

EXCITER 

R.  P. 
AMP 

SIGNAL 

PROCESS 

DATA 

COMM. 

DISPLAYS 

DISPLAYS 

k 

io~B 

7x10 _4 

-3 

10 

2.7xl0*3 

io“* 

1. 3x10 ~3 

l.SxlO”3 

t» 

0.2 

0.5 

0.5 

1.0 

1.0 

1.0 

1.0 

0.1 

0.2 

0.2 

0.5 

0.5 

0.5 

0.5 

0.02 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

t 

0.5 

1.0 

0.5 

4.0 

4.0 

4.0 

4.0 

n 

1 

2 

8 

1 

.1 

2 

3 

nk 

io-6 

U4xl0“3 

8x10  ‘ 

3  _? 

2.7x10 

2 . 6xl0-3 

3.9xl0‘3 

s 

0 

1 

1 

0 

0 

X 

2 

\ 

0.0148 

0.0035 

a 

item 

demand  rate  per 

operational 

hour. 

tj  «  isolation  time  to  level  I  by  manual  means,  gsneral/special 
test  equipment/automatic  means. 

t  -  on-site  repair  time,  including  isolation  from  level  in,  re¬ 
moval,  replacement,  checkout, 

n  *  numfcor  of  applications  of  item  in  equipment. 

s  *-•  number  of  spares  built-in  as  redundant  units  (active). 

«  total  demand  rate  of  the  equipment. 

As  described  in  Appendix  III-9.5  for  field  shop  and  squadron  work¬ 
loads,  the  aggregate  failure  rate  is  used  for  actively  redundant 
assemblies,  and  the  redundant  units  are  considered  as  spares. 
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Analysis  is  simplified  by  dividing  the  contribution  of  the  Com¬ 
mand  and  Control  Canter  by  three  and  grouping  with  the  contribu¬ 
tion  of  the  radar  site, 

Th*  demand  rate  of  the  radar  skill /hardware  package  is  then 
X  .“=0=0148+0.0039/3-0.0161 

P  f 

The  remaining  sk il  1 /hardware  packages  are  described  in  Tables  IX 
2  and  IX-3. 


Table  IX-2.  Data  Processing  Skill/Sardware 
Package 


Radar  Site 

Command  And 
Center 

Control 

DATA 

PROCESS. 

POWER 

SUPPLY 

INPUT/ 

OUTPUT 

CONTROL 

PROCESS. 

MEMORY 

MODULE 

% 

2. 6x10 ~4 

SI 

1 

O 

rH 

2. 5x10 "4 

5x10”* 

—4 

10 

t 

i 

1.0 

1.0 

1.0 

1.0 

1.0 

0.5 

0.5 

0.5 

0.5 

0.5 

0.1 

0.1 

0.1 

0.1 

0.1 

t 

4=0 

4.0 

4.0 

4.0 

4.0 

n 

1 

1 

1 

2 

8 

nX 

2  .t>  xlO  ~4 

io"6 

2,5x10  4 

1C"* 

8x10 "* 

s 

0 

0 

0 

1 

4 

X 

0,00026 

0.00205 

The 

demand  rate  of 

the  data  processing 

skill/hart 

s  package 

is; 


>.  . *0.00026+0.00205/3*0,00094 

£  a 
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Table  XX-3.  Communications  Skill/ 
Hardware  Package 


Radar 

Site 

Command 

and  Control  Center 

XMTR 

RECEIVER 

DATA 

XMTR 

RECEIVER 

DATA 

"K 

3x10 "4 

3.5::i0“4 

8X1Q"4 

3x10 "4 

3.5x10  '* 

8x10 “* 

*•1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

in 

a 

O 

0.5 

in 

. 

o 

0.5 

0.5 

0.5 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

t 

4.0 

3.0 

3 

4.0 

3.0 

3.0 

n 

1 

1 

1 

1 

1 

1 

nk 

3x10  "4 

3. 5x10 “4 

8x10* 

3x10 "4 

3. 5x10 "4 

8x10 -4 

s 

0 

0 

0 

0 

0 

0 

k. 

0.00145 

0.00145 

The  demand  rate  of  the  communications  skil.l/hardware  package  is: 

A  =*0.00145:0.00145/3=0.00193 

V  C 

The  field  ahcp  unreadiness  contribution  is  determined  for  two 
feasible  values.  The  values  selected  are 

tf =l/uf “4,0. 

The  four-hour  repair  time  is  considered  feasible  with  equip¬ 
ment  mockups  for  isolation  and  checkout,  whereas  the  eight- 
hour  value  is  reasonable  for  use  of  general  purpose  equipment. 

Table  IX-4  is  constructed  to  depict  the  spectrum  of  field  shop 
maintenance  con t r ibu t ion s , 

It.  is  of  interest  to  note  the  considerable  magnitudes  of  the 
unreadiness  numeric  (d)  and  of  waiting  time  (tw4  { ) ,  for  eight- 
hour  repair  time  with  a  single  repair  channel .  The  reason 
is  that  the  workload  generated  f.fifP)  is  greater  than  one,  meaning 
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Table  IX-4 


»?iel4  Shop  Repair  Delay 


Nf-9 


Radar  tf  *8 

>-0.016  P*0.13 

C-l 

02 

e*3 

0*6 

8*3 

8-6 

d, 

0.203 

0.179 

0.023 

0.005 

t 

16.2 

13.2 

1.5 

0.3 

a-3 

t  *4 

Ol 

s-6 

P-0.06 

02 

8-3 

s-6 

0.013 

0.002 

0.001 

<0.001 

0.8 

0.12 

0.06 

Daca  Proceaairig  tf8>-0.001  P<0.02 

Ol 

0*3 

df  <0.001 

t»4f  <:<5*5 

CoOTJuriic&tiohs  tr*0  1«C.0Q2  P<Q,02 
O'i 

3*3 

df  <Q.QGI 
t.4,  <0.5 
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that  a  single  repair  channel  cannot  possibly  maintain  a  stable 
queue  unless  demands  are  reduced  by  a  significant;  number  of  in¬ 
operative  units.  With  random  domand  and/or  service  rates, 
this  situation  arrives  at  (NP<1) .  It  is  obvious,  therefore, 
that  if  field  shop  repair  time  is  eight  hours,  two  repair 
channels  must  be  aisigned.  A  note  is  made  at  this  point,  to 
investigate  the  relative  costs  of  a  repair  channel  vs.  the 
equipment  mockup.  Analysis  is  continued  using  the  eight-hour 
repair  time  with  two  channels,  as  the  worse  of  the  two  options, 
in  the  interest  of  decisions  on  the  initially  given  alterna¬ 
tives,  with  minbucm  delay. 

In  addition  to  waiting  for  assembly  repair,  the  fJald  shop 
makes  an  unreadiness  contribution  through  the  travel  delay 
from  the  field  shop  to  the  squadron.  Since  this  travel  time 
has  importance  only  When  the  squadron  is  out  of  spares,  the 
problem  is  handled  as  a  four -channel  qu^ue.  since  (BH-S*4) 
assemblies  could  be  delivered  on  one  trip.  One  spare  is  nor¬ 
mally  carried  at  squadron. 

Since  the  personnel  and  facilities  are  common  to  all  items 
supported,  the  delay  is  conation  to  all,  and 

N*3 


Where  X  *  the  aggregate  demand  rate  from  all  three  skill/ 
hardware  packages. 

Tf  *  travel  delay  from  the  field  shop* 

The  travel  time  is  estimated  at  four  hours.  For  daily  scheduled 
delivery,  an  additional  delay  is  introduced  with  a  mean  cf 
twelve  hours, 


,*.Tf  *  4+1 2*16  hours 

>.=  *  0.01 61+0 - OO 20+0 .0014 
P  «■  XtTf*0.3 

Table  IX- 5  shows  the  effect  of  travel  delay,  for  one  or  !:w© 
sparos. 


2  3? 


Table  IX-5.  Field  Shop  Travel  Delay 
N-3,  P-0.3 

C-4 


'«  « t 


8—1 

8-2 

0.082 

0,022 

4.5 

1.2 

The  workload  of  squadron  maintenance  include*  the  following 
elements : 

a.  Travel  to  radar  site»Tj . 

b.  Removal,  replacement,  checkout  -  t. 

c.  Return  to  squadron  with  failed  item  *  T§ 

Unreadiness  is  contributed  at  this  lever  by  squadron  personnel 
unreadiness,  spares  unreadiness,  and  travel. 

Personnel  unreadiness  is  analyzed  by  use  of  queuing  tables, 
using 


N  -3 

ft 

P->t 

* 

Where  t  is  total  time  required  for  a  Squadron  maintenance  man 
to  b era.’ Ice  a  failure, 

t  “2?  -ft 
»  » 

Per  the  radp.r, 


2  38 


A 


t»nlrtApr  IX~2 

=  ( 0 . 5x10 "B +1 . 4x10  ~3 . 4x10 . 10 . 8x10 "a  +4x10  “* 

+10 . 4x10  ~a+5. 2x10 “* )  /0  * 0161 

»2.0  hours 

Similarly,  for  Data  Processing 
t«  4,0  hours, 
and  fcr  Communications 
t«3.2  hours. 

At  this  point  in  the  proposal,  all  sites  have  not  been  assigned 
but  possible  locations  range  to  mean  distances  of  40  to  80 
miles  from  squadron  maintenance  locations.  In  the  interest  of 
early  decision  making,  the  worst  case  is  first  assumed,  to 
assess  its  effect.  Travel  time  is  estimated  at  four  hours. 

For  the  radar 

T(  »4 

t  =2x4+2.0=10.0 

ft 

P=10. 0x0. 0161=0. 16 

Squadron  repair  delay  is  analyzed  using  Table  IX-6f 

The  total  unreadiness  of  the  hardware/ skill  package  is  determined 
differently  for  redundant  and  non -redundant  equipments.  For  non- 
redundant  equipments,  unreadiness  is 

t  IX-3 

*  4 

Where  (\%)  is  the  failure  rat©  of  non-redundant  equipment  and 
(tA  5  is  expected  dovntiiP^  per  failure. 

t  *t  ,  +  Jt  +t,+T  +t  IX-4 

For  simply  active  redundant  equipments,  unreadiness  is 


TABLE  IX- 6 

Squadron  ftapair  Daisy 
H-3,  t  -10,  P-10> 

Radar  >-0.016,  P^O.16 


OL 

02 

8-1 

a«2 

a-1 

8*2 

d 

5 

0.077 

9.036 

n  0j4 

0.008 

6  a 

-  •■=  -i 

7.2 

2.0 

0.5 

Coramvn  ic  at  1  or  s 

>"0.001.  p*o. 

01 

C-l 

02 

8*1 

a-2 

a-1 

8-2 

d'" 

f 

0.001 

— 

— 

— 

'’til? 

iTi 

* 

O 

— 

—  —  "r 

Data  Procaasing 

>.*0.002,  P*0 

tM 

O 

• 

Ol 

02 

a»2 

8*1 

s-2 

* 

0,002 

— 

<0.001 

£  s 

«  a  i 

1.0 

- - 

<0,5 

— - 

'‘40 


Where 


n*the  nu&ber  of  failures  necessary  to  disable  the 
function. 

s 

<s-\t4 

and 


X  -failure  rata  of  equipment  for  Which  redundancy  is 
f  provided . 

For  partial  redundancy.  Where  (a)  must  operate  of  (n)  units 
provided  for  satisfactory  performance,  unrecdinees  is  deter¬ 
mined  by  tlio  number  of  failures  required  for  disability,  mul¬ 
tiplied  by  thi  possible  number  of  combinations. 

If 


n-8,  ra-7 

Two  failures  are  disabling,  and  unreadiness  is 

nid8  «  8:d«  «2f  ;s  IX-6 

5T7STT 

In  Tables  IX-7,  ix-8,  and  IX-9,  unreadiness  is  confuted  for  the 
three  hardware/skill  packages,  for  one  end  two  spares  at  squad¬ 
ron.  Using  one  spare,  site  operational  readiness  is  computed  as 

P-1  -Zut  ^90 . 6% 

and,  more  precisely, 

R»n{l-u,  ) -90 . 9%* 

This  satisfies  the  requirement  for  operational  readiness. 

If  the  operational  readiness  requirement  were  not  met,  the  tabic 
indicate  the  moat  effective  avenues  for  improvement .  The 
following  procedure  would  be  used. 

From  Tables  IX- 7,  IX-3,  end  TX-9,  it  can  be  seen  that  the 
greatest  logistic  contributors  to  unpesdim>;ss  field  shop 

travel  delay  it  )  arid  smadron  unread  mesas-  (t  ,  ) .  Travel 


RADAR  UHKBADEHE5S 


DATA  PROCESSING 


,  00'.)  2 ,  a.003b  n(l-u)  =0.99480 


from  squadron  to  ait*  is  significant,  also,  but  is  not  suucep- 
tibls  to  tradeoff  at  this  lavsl. 

Either  factor  can  ba  significantly  reduced  by  adding  a  channel 
or  a  spars. 

For  the  initial  readiness  computation,  consideration  of  a 
single  spare  was  conservative,  since  sparse  will  be  supplied 
at  the  assembly  level,  for  14  unique  types.  Referring  to  the 
interpolation  method  of  Appendix  IJI-S,  it  cm  be  seen  that 
detailed  computation  of  the  equivalent  sparse  complement  pro¬ 
vided  by  one  each  of  14  types  would  bo  time  consuming  if  done 
manually.  A  reasonable  short-cut  .reams  sufficient.  This 
method  consists  of  using  the  actual  contributions  for  an  ar¬ 
bitrary  number  of  most  significant  assemblies  in  the  radar, 
and  averaging  the  contributions  of  the  remaining  radar  assem¬ 
blies.  In  addition,,  only  the  effect  of  two  equivalent  spares 
is  considered. 

The  expression  for  unreadiness  fct  c  on, si 

d-dj-^-d,)  [22?,,}  (l-ZP^HP^ni/tr-p):]*  IX-? 

Where  d»unreadineas 

dj  ^unreadiness  numeric  ‘'or  (i)  spares. 

k~  arbitrary  number  of  .significant  j?  *'  s . 

Pj  t  -workload  contribution  +  Pt/Pt 

r.anumbei  of  types  averaged. 

p*  number  of  satisfied  demands  "i . 

+ 

p.; -averaged  )/Vs 

k  +1 

Analyzing  the  radar  (see  Table  IX-10)  with  the  asterisked  de¬ 
mand  rates  selected  as  most  significant, 

k-4 

n-2 


-0.008 

*Por  three  equivalent  spares 

d-dl-(d1-d,)  [2(XPit)  (l-ip^H?8  n:/(n-2> 

»  i 

1  ■*  s 

(i-£P,  j)  {l-IP.J+P.^n  1 1 


(dJ-ds)[6(vF  ) 
1  ' 

ix-e 
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TABL3  IX-10 


PADAn 

Asasobly 

H.  V.  Ps>  tr 
top.  Kxoltsr 
R f  top 
Sig  Proc. 

Data  Const* 
Displays 

Total 


MSBOLY  WORKLOAD  CQMTRXBOTXOV8 


talO4 

*Xi 

l-IPt 

0.1 

14*0 

* 

0.087 

0.913 

80*0 

if 

0.495 

0.418 

27.0 

* 

0.168 

0.250 

1.0 

39.0 

161.1 

* 

0.242 

0.992 

0.008 

t 

Pl4-l-ZPlt -0.098 


* 


[2 (0.087x0. 913+0.495x0.418 
+0 . 1 68x0 . 2  50+0 . 242x0 . 008) 

+  (2J/(0i) (0.008) *  3 
«d1-(d1-da)  (066+1.28x10”* 

■dj  — 0  .  66  (dj  -dj 

The  contribution  of  the  averaged  (Plt's)  it  obviously  insigni¬ 
ficant. 

Referring  back  to  Table  XX-4,  for  02 
df *0.023-0. 66 (0.023-0. 005) 

-0.011 

t  ,-0.011/00 .01 6x0 .989 

W  *  * 

-0.7 

Frtwa  Table  IX- 5 

-0. 002-0. 66(0. 082 -u. 022) 

-0.04° 

tw4f -0.042/0.0195x0. 958 

-2.2 

Fromb  Table  IX-o 

<3-0.077-0.66(0.077-0.036) 

i 

*0.043 

t  ^  -0.040/0.0161x0  951 

»  »  * 

-3.2 

Table  IX-11  ie  constructed  in  the  format  of  Tables  IX-7,  IX-8, 
and  7X-S,  to  assess  the  effect  of  equivalent  spares  commuta¬ 
tion  for  the  radar.  Sots  that  radar  unreadiness  is  reduced 
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TABUS  IX-11 


fro a  0*062  to  0*046*  £v*n  title  is  conservative,  sine* 

•par**  war*  only  analyzed  for  contribution  toward  two 
effective  •paras. 

2.3  Comparison  of  Alternate.  is 

The  feasibility  of  alternatives  differing  frost  the  base  sys¬ 
tem  is  analyzed  simply  by  comparison  of  the  differences,  tinea 
tha  basa  system  is  established,  it  becomes  relatively  easy  to 
assess  tha  affact  of  a  Change  in  tha  system, 

2.3.1  Discard  feasibility 

Since  the  operational  readiness  requirement  can  be  mat  with 
repair  at  th&  field  shop  and  since  this  location  offers  the 
least  cost  to  repair,  it  is  only  necessary  to  compare  the  cost 
Incurred  at  the  field  shop  for  assembly  repair  versus  dis¬ 
card.  Tha  breakeven  equation  for  discard  is 

p 

The  inequality  must  hold  for  discard  feasibility. 

Cf  *  Cost  of  personnel 

Cp>  -  Coeu  of  piece  p*rte 

Cs t  ■  Coat  of  test  equipment  and  support 

P  ■  Expected  failures  over  ten  years  lifetime. 

C4  ■  Mean  subassembly  cost. 

The  expected  number  of  failures  is 

t  m  (aggregate  failure  rat#)x(life)*2ll0  Xx8. 7 7x10* "17, 500 

The  coat  of  piece  parts  per  repair  is  assumed  at  $10.00. 

One  radar  repair  team  and  one  test  equipment  repairman  could 
be  eliatineted  with  subassembly  discard,  but  the  remaining 
radar  taarn  and  those  for  Data  Processing  and  Communications 
would  remain  nv  essary  fot  assembly  level  repair  and  checkout. 
The  number  of  personnel  affected  is 
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l/E-7  -  $8939/y«ar* 

4/F-5  -  $5 172 /year 
2/E-3  -  $2724/year 
including  pipeline  personnel. 

The  inequality  becomes 

Cp (2x? 2 7 24x10  years  +  4x$5172xl0  years  +  $9939x10  years) 
+C.  f$10  x  17 , 500) +C  >  17, 500C 
$525,000  +Ct<^>  17,500C4 
Based  upon  Assembly  Cost  of 

Assembly  Cost  Breakeven 

$50  $350,000 

$100  $1,225,000 

$200  $2,975,000 

The  test  equipment  required  for  an  eight --hour  repair  time  at 
the  field  shop  is  estimated  to  cost  less  than  $200,000.  Since 
the  average  subassembly  contains  approximately  thirty  piece 
parts  at  an  approximate  cost  of  ten  dollars  each,  the  highest 
economically  feasible  level  of  discard  i*  the  piece  part. 

Several  costa  are  not  included  in  the  above  analysis; 

a.  Line  item  entrance  and  maintenance  --  thra,  is  the  same 

under  either  policy. 

b»  Transportation  outine  non -cost  means. 

c.  Manuals  -  anticipated  to  be  t>«  same  under  both  Al¬ 
ternatives. 

d.  Cost  of  maintenance  vans  $*5,000. 

♦Appendix  viii 
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«.  Cost  of  utilities  •-  this  is  estimated  at  $10,000* 
based  on  eight  hours  of  operation  per  day. 

The  two  critical  error  sources  in  t  ie  analysis  above  are 
failure  rate  and  assembly  cost.  The  tendency  is  to  under¬ 
estimate  these  parameters,  thus  any  error  is  likely  to  cause 
underestimation  of  c'iscard  cost. 

2.3.2  Fault  Isolation  Tradeoff 

Fault  isolation  is  accomplished  to  the  greatest  extent  by 
operation  personnel.  Since  manual  isolation  is  capable  of 
meeting  tha  operational  readiness  requirement,  and  cost  can 
only  be  increased  by  inclusion  of  other  than  general  purpose 
equipment,  manual  isolation,  by  general  purpose  equipment  is 
the  selected  alternative. 

5.3.2  Assembly  Repair  Location 

Assembly  repair  at  the  field  shop  ii  obviously  less  costly 
than  at  the  squadron,  for  the  following  reasons. 

1.  Low-volume  transportation  is  effectively  free,  being 
already  provided  for  other  purposes. 

2.  Centralization  of  repair  requires  only  two  repair 
channels  and  test  equipement,  vs.  at  least  three  (one 
at  each  squadron)  for  squadron  repair. 

3.  A  spare  of  each  type  would  be  necessary  with  squadron 
repair,  or  squadron  repair  workload  elements  would  be 
3T,+tf+t,  and  downtime  '.would  have  added  factors  2T  +tf, 
which  would  add  in  excess  of  16  hours'  dowrtime,  and 
prevent  the  system  from  meeting  operational  readiness 
requ ir aments. 

2.3. 4  Spares  Location 

If  all  spares  are  kept  at  sites,  it  might  be  possible  to  elimi¬ 
nate  tto  squadron  maintenance  van,  at  an  estimated  cost,  of 
$?o,000.  Small  vehicles  would  *fcill  be  necessary  for  delivery 
of  spares  from  squadron  to  sites,  and  for  transportation  of 
squadron  maintenance  personnel  to  -repair  at  the  sites. 

No  decrease  in  squadron  personnel  would  be  possible,  and  it 
would  be  necessary  to  ado  approximately  23  spare  assemblies. 
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The  breakdown  equation  ie 

The  inequality  ia  required  for  feasibility  of  sparse  at  sites* 

Cf  "  Cost  of  van  «  $25,000 

C§  »  Coat  of  additional  spares. 

The  cost  of  the  average  assembly  ia  estimated  at  $20,000. 

The  spares  cost  becomes  $560,000,  obviously  more  costly  than 
squadron  .pares. 

2.3.5  Field  Shop  Repair  Equipment 

The  alternatives  to  be  considered  are  two  repair  channels  with 
general  purpose  equipment,  and  one  repair  channel  with  radar 
equipment  mock ups  for  isolation  and  checkout. 

The  cost  inequality  for  selection  of  the  mockups  is 

cPx\. 

Cp  *  Cost  of  personnel  eliminated 

> 

Ct  #  *  Net  cost  of  mockups 
As  for  discard  feasibility 
Cp  -$350,750>Ct# 

This  seems  a  reasonable  bound,,  and  development  of  mockups  i* 
proposed. 

3.  CONCLUSION 

The  base  system  as  analyzed  ia  capable  of  meeting  operational 
readiness  requirements.  Tne  considerable  cost  of  providing 
automatic  fault  isolation  io  found  to  be  unnecessary  to  k  sys¬ 
tem  whose  major  unreadiness  contribution  is  geography. 

The  radar  workload  at  the  field  shop  justifies  investment  in 
more  efficient  equipment  there  for  fault  isolation  and  check¬ 
out 
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